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(54) ETHYLENE/ALPHA-OLEFIN COPOLYMERS, COMPOSITIONS, AND PROCESSES FOR THE 
PREPARATION OF THE COPOLYMERS AND THE COMPOSITIONS 

(57) The present invention relates to a process for 
manufacturing atactic ethylene/a-olefin copolymers, 
atactic ethylene/a-olefin copolymers, and compositions 
thereof and the process for manufacturing such compo- 
sitions. 

The ethylene/propylene copolymers of the present 
invention comprise ethylene and propylene whose 
structural molar ratio (ethylene/propylene) is 1/99 to 
20/80 and out of the spectra in the zone (19 to 23 ppm) 
obtained by 13 CIMMR measurement, the areas of the 
signals appearing in the first zone (21.1 to 21.9 ppm), 
second zone (20.3 to 21 .0 ppm) and third zone (19.5 to 
20.3 ppm) have a specific proportion. 



Hf.1 . 






k 

1 . 


U -AW ii J 

, .1 m »■ m » > b m x. v » » « 


J A ill 

iL»Li_s _p.. j». ;ii„ .«"■'.'> 



CsJ 
CO 

O 

CO 

o> 
o 
o. 

LU 



Primed by Xerox (UK) Business Services 

2.16.7/3.6 



EP 0 930 320 A1 



Description 
TECHNICAL FIELD 

5 [0001] The present invention relates to a method for manufacturing atactic ethylene/a-olefin copolymers, atactic eth- 
ylene^propylene copolymers obtained therefrom, and compositions thereof and the method for manufacturing such 
compositions. More specifically, the object of the present invention is to provide ethylene/a-olefin copolymers having 
excellent optical properties, mechanical properties and/or film properties, and the present invention relates to an effec- 
tive manufacturing method therefor, compositions thereof and a method for manufacturing such compositions by a 

10 polymerization process. 

TECHNICAL BACKGROUND 

[0002] Olefin polymers such as ethylene polymer and propylene polymer are used in many fields such as various 

15 moldings because of their excellent rigidity, heat resistance, impact resistance and other properties. Moreover, olefin 
polymers are used for various applications such as various films because of their excellent transparency and flexibility. 
[0003] As a method for improving the impact resistance of these olefin polymers, a method is known, for example, in 
which after homopolymerizing propylene, propylene and ethylene are copolymerized to produce block copolymer. 
[0004] The Laid-open Patent Publication HE I 4-337308 discloses a block copolymer manufacturing method in which 

20 in the presence of a transition metal compound using cyclopentadienyl crosslinked with the silylene group and an orga- 
noaluminum compound, a propylene homopolymer or a propylene copolymer containing the ethylene unit at a ratio of 
less than 6 wt% is first polymerized until its content becomes 40 to 95 wt% of the total polymer ultimately obtained, and 
then the ethylene and propylene at a ratio by weight of 10/90 to 95/5 are polymerized so that the ethylene and propylene 
content is 60 to 5 wt% of the total polymer ultimately obtained. It is stated in the Laid-open Patent Publication that the 

25 block copolymer obtained by this method shows a good balance between impact resistance and rigidity. 

[0005] Furthermore, the Laid-open Patent Publication HE 1 5-2021 52 disclosed a method for manufacturing a polypro- 
pylene molding material which comprises carrying out the polymerization of an amorphous ethylene-propylene copoly- 
mer by use of a specified crosslink! ng metallocene compound and aluminoxane in manufacturing, in the presence of a 
transition metal compound and an organoaluminum compound, a polypropylene molding material comprising (1) 20 to 

30 99 wt% crystalline polymer having a propylene unit content of not less than 95 wt% and (2) 1 to 80 wt% amorphous 
ethylene-propylene copolymer having an ethylene unit content of 20 to 90 wt%. It is also stated in HEI 5-202152 that 
the polypropylene molding material obtained by this method has especially excellent low-temperature impact strength. 
[0006] Blending elastomer with polypropylene is also known as a method for improving the impact strength of olefin 
polymer. However, since such polypropylene with which elastomer is blended has inferior optical properties such as 

35 transparency, it has found a limited range of uses. 

[0007] Moreover, blending atactic polypropylene with polypropylene with the objective of improving properties of poly- 
propylene is described in Laid-open Patent Publication HEI 6-263934, for example. 

[0008] In recent years, there has been an increasingly severer demand for the physical properties of olefin polymers 
such as polypropylene, and it is desired that those olefin polymers and compositions which have much better properties 

40 and a method for manufacturing such olefin polymers will come into existence. 

[0009] For a specific example, as the result that consumers' demand for better taste has grown, it is earnestly hoped 
in the field of film that the film will make the long-term storage of vegetables, meats, fish and shellfish, etc. and the reten- 
tion of freshness thereof possible. However, the film of conventional olefin polymer showed poor carbon dioxide, oxygen 
gas and water vapor permeability and consequently was not retain adequately the freshness of vegetables absorbing 

45 much of them in summer season. 

[0010] The objects of the present invention are not only to provide a method for manufacturing ethyl ene/-a-olef in 
copolymers having excellent optical, mechanical and/or film properties and particular ethylene/a-olefin copolymers and 
compositions thereof but also to provide a manufacturing method in which such poly-a-olef in polymers are made atactic 
and a method for manufacturing such compositions by a polymerization process. 

so 

SUMMARY OF THE INVENTION 

[0011] One embodiment of the present invention relates to a method for manufacturing an atactic ethylene/a-olefin 
copolymers by using a particular catalyst. 
55 [0012] A second embodiment of the present invention relates to ethylene/propylene copolymers comprising ethylene 
and propylene wherein the structural molar ratio (ethylene/propylene) is 1/99 to 20/80 and out of the spectra in the zone 
(19 to 23 ppm) obtained by C13NMR measurement, the areas of the signals appearing in the first zone (21.1 to 21 .9 
ppm), second zone (20,3 to 21 .0 ppm) and third zone (19.5 to 20.3 ppm) are represented by the total peak area in the 
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first zone = P 1 , the total peak area in the second zone = P 2 and the total peak area in the third zone = P 3 , respectively, 
and X and Y are defined by the formulas, P 1 /(P 1 +P 2 +P 3 )=X and P 3 /(P 1 +P 2 +P 3 )=Y , respectively, and X is 0<X<30 
and Y is 0<Y<53. 

[0013] A third embodiment of the present invention relates to compositions of such particular ethylene/propylene 
s copolymer and an isotactic polyolefin resin. 

[0014] A forth embodiment of the present invention relates to a process for preparing the compositons by at least two 
types of catalyst. 

[001 5] Among the poly-a-olef in polymers of the present invention is an atactic polymer obtained by polymerizing eth- 
ylene and one or more an a-olefin monomers having 3 to 10 carbon atoms as a preferable embodiment. 

io [001 6] The a-olefin of the aforementioned embodiment is preferably a combination of ethylene and an a-olefin mon- 
omer having 3 to 10 carbon atoms, and it is desirable that their structural molar ratio (ethyl ene/a-olef in having 3 to 10 
carbon atoms) should be in a range of 40/60 to 1/99. Moreover, especially, the a-olefin may be in a combination of eth- 
ylene and an a-olefin monomer (A) having 3 to 10 carbon atoms and an a-olefin monomer (B) having 3 to 6 carbon 
atoms, which is other than (A), and it is desirable that the structural molar ratio [(ethylene + A)/B] should be in a range 

is of 40/60 to 1/99. It is also desirable that the mr/(mm + nr) value in the diad distribution of each a-olefin as measured by 
NMR should be in a range of 0.7 to 1 .3, the intrinsic viscosity [tJ, in a range of 0.5 to 10 dl/g, and the degree of crystal- 
lization, not more than 5%. 

[0017] Poly-a-olef in polymers like this embodiment have satisfactory optical, mechanical and/or film properties. 
[0018] The a-olefin polymers of the present invention may be manufactured by the catalyst system shown below. 
20 [0019] Specifically, the catalyst system is preferably a catalyst system comprising (a) shown below as the essential 
component and at least one compound selected from among (b) to (d) shown below. 

(a) the transition metal complex represented by the following formula(l) : 
25 2 Y 

/ / <» 

CP M 

/\ 
X 1 X* 



35 

(wherein M stands for Ti • Zr • Hf, Cp stands for the cyclopentadienyl group, indenyl group, f luorenyl group or their 
derived groups which is n-bonded with M, X 1 and X 2 stands for an anionic ligand or a neutral Lewis base ligand, Y 
stands for a ligand containing nitrogen atom, oxygen atom, phosphor atom or sulfur atom, and Z stands for oxygen 
atom, silicon atom or one carbon atom.), or 
40 The meso form of the transition metal compound represented by the following formula (II) 



45 



50 




55 (wherein M 1 stands for a transition metal atom in the Group IV to VIB of the periodic table; R 1 , R 2 R 3 and R 4 , which 
may be the same or different from one another, stand for a hydrocarbon group having 1 to 20 carbon atoms, a hal- 
ogenated hydrocarbon group having 1 to 20 carbon atoms, a silicon-containing group, an oxygen-containing group, 
a sulfur-containing group, a nitrogen-containing group, phosphor-containing group, hydrogen atom or halogen 
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atom, and parts of the mutually adjacent groups may be bonded to form a ring together with the carbon atoms 
bonded by these groups; X 1 and X 2 , which may be the same or different from one another, stand for a hydrocarbon 
group, a halogenated hydrocarbon group, an oxygen-containing group, a sulfur-containing group, a silicon-contain- 
ing group, hydrogen atom or halogen atom; and Y 1 stands for a bivalent hydrocarbon group, a bivalent halogenated 
5 hydrocarbon group, a bivalent silicon-containing group, a bivalent germanium-containing group, a bivalent tin-con- 

taining group, -O-, -CO-. -S-. - SO-. -S0 2 -. -Ge-. -Sn-. -NR 5 -, -PtR 5 )-. -PfOXR 5 )-, -BR 5 - or -A1R 5 - [however, R5 
may be the same or different from one another and stands for hydrogen atom, halogen atom, a hydrocarbon group, 
a halogenated hydrocarbon group or an aikoxy group]. 

(b)a compound which reacts with the transition metal M in the component (a) to form an ion pair, 
10 (c) an organoaluminum compound, and 
(d) an alumoxan. 

[0020] The a-olef in polymers of the present invention themselves may be used for various uses. Furthermore, they 
are used in the form of compositions obtained by blending it with other thermoplastic resins such as crystalline polypro- 
75 pylene, crystalline polybutene, crystalline 4-methyl-1 -pentene polymer, polyethylene terephthalate. polyamide and poly- 
carbonate, for example, at various ratios. Such blending will improve the impact resistance, flexibility and other 
properties of those thermoplastic resins. 

[0021] Particularly, a composition comprising 5 to 80 wt% of an atactic a-olef in polymer of the present invention. 10 
to 80 wt% of a crystalline polyolefin polymer and, as required, 10 to 80 wt% of an elastomer has especially excellent 
20 rigidity, heat resistance and impact resistance. (The total of the atactic a-olefin polymer of the present invention, a crys- 
talline polyolefin polymer and elastomer is 100 wt%.) 

[0022] These compositions of the a-olefin polymers may be obtained by not only solution-blending each of the com- 
ponents and dry-Wending each of the components in a melted state but also manufacturing each of the components in 
parallel or consecutively by parallel or series multi-stage polymerization and then by ultimately forming them into the 
25 compositions. 

[0023] The manufacture of the aforementioned compositions is conducted by polymerization using at least two differ- 
ent catalysts in some cases. The use of at least two catalysts makes the reduction of the number of the stages of polym- 
erization. For example, it is possible to manufacture the aforementioned compositions of poly-a-olefin polymers by 
polymerizing olefins in one stage. 

30 [0024] It is desirable to use for such at least two catalysts a combination of at least one catalyst selected from between 
the a-olefin polymerization catalyst (1) mentioned below and the a-olefin polymerization catalyst (2) mentioned below 
and at least one catalyst selected from between the a-olefin polymerization catalyst (3) mentioned below and the a-ole- 
fin polymerization catalyst (4) mentioned below. 
[0025] Olefin polymerization catalyst (1 ) : 

35 A catalyst comprising: 

(A) A racemic form (A-1)of a transition metal compound represented by the following formula (II): 



40 



45 




(whereinM 1 stands for a transition metal atom in the Group IV to VI B of the periodic table; R 1 , R 2 , R 3 and R 4 . which 
may be the same or different from one another, stand for a hydrocarbon group having 1 to 20 carbon atoms, a hal- 
55 ogenated hydrocarbon group having 1 to 20 carbon atoms, a silicon-containing group, an oxygen-containing group, 
a sulfur-containing group, a nitrogen-containing group, phosphor-containing group, hydrogen atom or halogen 
atom, and parts of the mutually adjacent groups may be bonded to form a ring together with the carbon atoms 
bonded by these groups; X 1 and X 2 . which may be the same or different from one another, stand for a hydrocarbon 
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group, a halogenated hydrocarbon group, an oxygen-containing group, a sulfur-containing group, a silicon-contain- 
ing group, hydrogen atom or halogen atom; and Y 1 stands for a bivalent hydrocarbon group, a bivalent halogenated 
hydrocarbon group, a bivalent silicon-containing group, a bivalent germanium-containing group, a bivalent tin-con- 
taining group. -O-, -CO-, -S-, -SO-, -S0 2 -. - Ge-, -Sn-, -NR 5 -, -PfR 5 )-, -PfOHR 5 }-, -BR 5 - or -A1 R 5 - [however, R 5 may 
be the same or different from one another and stands for hydrogen atom, halogen atom, a hydrocarbon group, a 
halogenated hydrocarbon group or an alkoxy group]; 
(B) 

(B-1) An organic aluminumoxy compound and/or 

(B-2) A compound (B 1 -2) which reacts with the aforementioned transition metal compound (A-1) to form an ion 
pair; and as required, 

(C) An organoaluminum compound. 

[0026] Olefin polymerization catalyst (2): 
A catalyst comprising 

(A) Solid-state titanium catalyst component (T) containing magnesium, titanium, halogen and an electron donor as 
the essential components; 

(B) Organometallic catalyst component (Q); and 

(C) Silicon compound (S) represented by the following formula (i) or a compound (E) having not less than 2 ether 
linkages existing via two or more atoms: 

c Rp n -Si-(ORq)4_ n CO 

(wherein n is 1 . 2 or 3; when n is 1 , Rp stands for a secondary or tertiary hydrocarbon group; when n is 2 or 3, at 
least 1 of Rp's stands for a secondary or tertiary hydrocarbon group, with the rest of Rp's being hydrocarbon 
groups, and two or more Rp's may be the same or different; Rq is a hydrocarbon group having 1 to 4 carbon atoms, 
and when 4-n is 2 or 3, Rq may be the same or different.) 

[0027] Olefin polymerization catalyst (3): 
A catalyst comprising 

(A) A meso form (A-2) of a transition metal compound represented by the aforementioned formula (I); 
(B) 

(B-1) An organic aluminumoxy compound or 

(B-2) A compound (B 2 -2) which reacts with the aforementioned transition metal compound (A-2) to form an ion 
pair; 

and as required, 

(C) An organoaluminum compound. 

[0028] Olefin polymerization catalyst (4): 
A catalyst comprising 

(A)a transition metal compound (A-3) represented by the following formula (111): 
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/ 

Cp 



/ 

M 2 



(ni) 



x 3 



w 



(wherein M 2 stands for a transition metal atom in the Group IVB of the periodic table; Cp stands for a cyclic unsatu- 
15 rated hydrocarbon group or a chain unsaturated hydrocarbon group; X 3 stands for hydrogen atom, halogen atom, 
a hydrocarbon group having 1 to 20 carbon atoms or an alkoxy group having 1 to 20 carbon atoms; Z 1 stands for 
SiR 7 2 , CR 7 2 , SiR 7 2 SiR 7 2 . CR 7 CR 7 2 . CR 7 2 CR 7 2 CR 7 2 , CR 7 =CR 7 , CR 7 2 SiR 7 2 or GeRR 7 2 ; Y 2 stands for -N(R 8 )-, -O- 
, -S- or -P(R S )-; R 7 stands for hydrogen atom or an alkyl, aryl, silyl, halogenated alkyl and halogenated aryl groups 
having up to 20 non-hydrogen atoms and a group selected from among combinations thereof; R8 stands for an 
20 alky' group having 1 to 10 carbon atoms or an aryl group having 6 to 10 carbon atoms or may form a condensed 
ring system of one or more R7's and up 30 non-hydrogen atoms; and w stands for 1 or 2); 

(B) 

(B-1) An organic aluminumoxy compound or 
25 (B-2) A compound (B 3 -2) which reacts with the aforementioned transition metal compound (A-3) to form an ion 

pair; 

and as required. 

(C) An organoaluminum compound. 

30 

[0029] The olefin polymer compositions of the present invention may be manufactured by a one-stage polymerization 
process using a mixed catalyst as described above. 

BRIEF EXPLAMATION OF DRAWINGS 

35 

[0030] 

Fig. 1 is a chart obtained by measuring an ethylene/a-olefin copolymer of the present invention by 13 CNMR. 
Fig. 2 is an enlargement of the zone from 19.0 ppm to 22.0 ppm in the aforementioned chart. 

40 

BEST EMBODIMENT OF THE INVENTION 

[0031] The poly-a-olefin polymers of the present invention, the manufacturing process and compositions thereof are 
described specifically below. 

45 [0032] It should be noted that the meaning of the term "polymerization" as used in this specification includes copoly- 
merization as well as homopolymerization and that the meaning of the term "polymer" as used in this specification 
includes copolymer as well as homopolymer. 

[0033] The poly-a-olefin polymers of the present invention comprises an atactic polymer obtained by polymerizing 
one or more a-olefin monomers having 3 to 10 carbon atoms or an atactic polymer obtained by homopolymerizing 1- 
so hexene or 1 -octene. 

[0034] First, the a-olefin monomer used is explained. Specific examples of the a-olefin monomer include monomers 
having 2 to 10 carbon atoms such as ethylene, propylene, 1-butene, 1-pentene, 1 -hexene, 1-peptane, 4-methyl-1-pen- 
tene, 3-methyl- 1-pentene, 1 -octene, 3-methyl-1-butene, 1-decene, styrene, vinylcyclohexene and vinylnorbornane. 
[0035] Next, the poly-a-olefin polymers formed by using the aforementioned a-olefin monomers are described below. 
55 [0036] It is desirable that these poly-a-olefin polymers should have the mr/(mm + rr) value in the diad distribution of 
each a-olefin being in a range of 0.7 to 1 .3, preferably 0.8 to 1 .2, as measured by NMR, intrinsic viscosity fa] being in 
a range of 0.5 to 1 0 dl/g, preferably 0.5 to 7 dl/g. and preferably a degree of crystallization being not more than 5%, pref- 
erably not more than 3%. 
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[0037] In the case of the poly-a-olefin polymers using two types of the aforementioned a-olef in monomers, the a-ole- 
f ins are preferably a combination of ethylene and an a-olef in monomer having 3 to 10 carbon atoms, and their structural 
molar ratio (ethylene/a-olefin having 3 to 10 carbon atoms) may preferably be 40/60 to 1/99. Furthermore, it is desirable 
that these poly-a-olefin polymers should have the mr/(mm + rr) value in the diad distribution of each a-olef in being in a 
5 range of 0.7 to 1 .3, preferably 0.8 to 1 .2, as measured by NMR, intrinsic viscosity [r\] being in a range of 0.5 to 10 dl/g, 
preferably 0.5 to 7 dl/g. more preferably 1 to 6 dl/g, and a degree of crystallization being not more than 5%, preferably 
not more than 3%. 

[0038] Specific examples of these poly-a-defin polymers may include atactic copolymers such as ethylene/propylene 
copolymer, ethylene/butene copolymer, ethyl ene/pentene copolymer, ethylene/hexene copolymer, ethyl ene/heptene 
io copolymer, ethylene/4-methyl-1 -pentene copolymer, ethylene/3-methyl-1-pentene copolymer, ethylene/octene copoly- 
mer, ethylene/3-methyl-1-butene copolymer, ethylene/decene copolymer, ethylene/vinylcyclohexene copolymer and 
ethylene/vinylnorbornane copolymer. 

[0039] Especially, in the case of ethylene/propylene copolymer, ethylene/butene copolymer. ethytene/4-methyl-1 -pen- 
tene copolymer or ethylene/octene copolymer, it is desirable that its structural molar ratio should be 1/99 to 20/80, more 
is preferably 1 /99 to 1 0/90. 

[0040] In the case of the poly-a-olefin polymers using not less than three types of the aforementioned a-olef in mon- 
omers, the a-olef ins are preferably a combination of ethylene, an a-olef in monomer (A) having 3 to 10 carbon atoms 
and an a-olef in monomer (B), other than (A), which has 3 to 6 carbon atoms, and it is preferable that their structural 
molar ratio (ethylene + A)/B is 40/60 to 1/99. Furthermore, it is desirable that these poly-a-olefin polymers should have 
20 the mr/(mm + rr) value in the diad distribution of each a-olef in being in a range of 0.7 to 1 .3, preferably 0.8 to 1 .2, as 
measured by NMR, intrinsic viscosity h] being in a range of 0.5 to 10 dl/g, preferably 0.5 to 7 dl/g, more preferably 1 to 
6 dl/g and a degree of crystallization being not more than 5%, preferably not more than 3%. 

[0041] Specific examples of these poly-a-olefin polymers include copolymers such as ethylene/butene/propylene 
copolymer, ethylene/perrtene/propylene copolymer, ethylene/hexene/Jpropylene copolymer, ethyl ene/octene/propylene 

25 copolymer, ethylene/lpropylene/butene, ethylene/pentene/butene copolymer, ethylene/hexene/butene copolymer, ethyl- 
ene/heptene/butene copolymer, ethyl en e/octene/butene copolymer, ethylene/propylene/pentene copolymer, ethyl - 
ene/butene/pentene copolymer, ethylene/hexene/jpentene copolymer, ethylene/heptene/pentene copolymer, 
ethylene/octene/pentene copolymer, ethylene/propylene/hexene copolymer, ethylene/butene/hexene copolymer, ethyl- 
ene/fc>entene/hexene copolymer, ethylene/octene/hexene copolymer, ethylene/propylene/4-methyM -pentene copoly- 

30 mer, ethylene/butene/4-methyl-1 -pentene copolymer, ethylene/pentene/4-methyl-1-pentene copolymer, 
ethylene/hexene/4-methyM -pentene copolymer, ethyl ene/octane/4-methyl-1-pentene copolymer, ethylene/propyl- 
ene/3-methyl-1 -pentene copolymer, ethyl ene/butene/3-methyl-1-pentene copolymer, ethyl ene/pentene/3-methyl-1- 
pentene copolymer, ethyl ene/hexene/3-methyl-1 -pentene copolymer and ethylene/octene/3-methyl-1 -pentene copoly- 
mer. 

35 [0042] Especially a preferable example of the aforementioned poly-a-olefin copolymers is ethylene/propyl ene/4- 
methyl-1 -pentene copolymer, and its structural molar ratio (ethylene+propylene)/4-metnyl-1 -pentene is preferably 1/99 
to 20/80, more preferably 1/99 to 10/90. 

[0043] Furthermore, the aforementioned poly-a-olefin copolymer is preferably ethylene/propylene/butene copolymer, 
and its structural molar ratio is preferably 1/99 to 20/80. more preferably 1/99 to 10/90. 
40 [0044] Moreover, it is also possible to produce the aforementioned poly-a-olefin by polymerizing not less than 4 types 
of the a-olef in monomers as required. 

[0045] The poly-a-olefin polymers described above may be manufactured by using, for example, (a) shown below as 
the essential component and polymerizing one or more a-olef in monomers having 2 to 10 carbon atoms in the pres- 
ence of a catalyst system comprising at least one or more compound selected from among (b) to (d). 

45 

(a) A transition metal complex represented by the following formula(lll) or a meso form of a transition metal complex 
represented by the aforementioned formula (II). 

[0046] A transition metal complex represented by the formula (III) of (a) is specifically explained below: 

50 



55 
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[0047] In the above formula, M stands for titanium, zirconium or hafnium; Cp stands for the ligand which is n-bonded 
with M and has the substituent group Z in the cyclopentadienyl skeleton such as a cyclopentadienyl group, an indenyl 
group, a 4, 5, 6, 7-tetrahydroindenyl group, a f luorenyl group, etc., and the ligand having this cyclopentadienyl skeleton 
may have another substituent group, other than Z, such as an alkyl group, a cycloalkyl group, a triaikylsilyl group and 
halogen atom; 

X, which may be the same or different from each other and stands for an anionic ligand or a neutral Lewis base 
ligand, is hydrogen atom or halogen atom, or a hydrocarbon, silyl or germil group containing carbon atoms not 
more than 20, silicon atom or germanium atom; 

Z stands for oxygen, sulfur, boron or one element in the Group 1 4 of the periodic table (for example, silicon, germa- 
nium or tin); and Y stands for a ligand containing nitrogen, Oxygen, phosphor or sulfur and may for a condensed 
ring with Z. 

[0048] Specific examples of the compounds represented by the aforementioned general formula (II 0 include (dime- 
thyl(t-butylamide)(tetramethyl-n5-cyclopentadienyl)si!ane)titanium dichloride, ((t-butylamide)(tetramethyl-ii5-cyclopen- 
tadienyl)-1,2-ethanediyl) titanium dichloride, (dimethyt(phenylamide) (tetramethyl-ii5-cyclopentadienyl silane) titanium 
dichloride. (dimethyl(t-butylamide)(tetramethyl-r|5-cyclopentadienyl)silane) titanium dimethyl, (di methyl (4-methylpheny- 
lamide)(tetramethyl-r|5-cyclopentadienyl)silane) titanium dichloride, (dimethyl(t-butylamide)(Ti5-cyclopentadi- 
enyl)silane) titanium dichloride, and (tetramethyl(t-butylamide)(tetramethyl-n5-cyclopentadienyl)disilane) titanium 
dichloride. 

[0049] Next the meso form of the transition metal compound represented by the following formula(il) of (a) is specifi- 
cally explained: 




[0050] In the above formula, M 1 stands for a transition metal atom in the Group IV to VIB of the periodic table, and 
specific examples of M 1 include zirconium, titanium, hafnium, vanadium, niobium, tantalum, chromium, molybdenum or 
tungsten, preferably zirconium, titanium or hafnium; 

R 1 , R 2 , R 3 and R 4 , which may be the same or different from one another, stand for a hydrocarbon group having 1 
to 20 carbon atoms, a halogenated hydrocarbon group having 1 to 20 carbon atoms, a silicon-containing group, an 
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oxygen-containing group, a sulfur-containing group, a nitrogen-containing group, phosphor-containing group, 
hydrogen atom or halogen atom, and parts of the mutually adjacent ones out of the groups represented by R 1 , R 2 , 
R 3 and R 4 may be bonded to form a ring together with the carbon atoms bonded by these groups. Further, R\ R 2 , 
R 3 and R 4 , which are shown in two locations, respectively, but R 1 and R 1 , for example, may the same or different 
5 groups, groups. Those groups represented by R which have the same suffix suggest that they can make preferably 

combinations when connected to one another to form a ring. 

[0051] Specific examples of the hydrocarbon group having 1 to 20 carbon atoms as R 1 , R 2 , R 3 and R 4 include alkyl 
groups such as methyl, ethyl, propyl, butyl, hexyl, octyl, nonyl, dodecyl and eicosyl; cycloalkyl groups such as 

10 cyclopentyl, cyclohexyl, norbornyl and adamantyl; alkenyl groups such as vinyl, propenyl and cyclohexenyl; aryl alkyl 
groups such as benzyl, phenylethyl and phenylpropyl; aryl groups such as phenyl, tolyl, dimethylphenyl, trimethylphe- 
nyl, ethylphenyl. propylphenyl, biphenyl. naphthyl, methylnaphthyl, anthracenyl and phenanthryl. 
[0052] Examples of the rings formed by the bonding of these hydrocarbon groups include condensed ring groups 
such as benzene ring, naphthalene ring, acenaphthene ring and indene ring and substituted groups which the hydro- 

15 gen atom on said condensed ring groups such as benzene ring, naphthalene ring, acenaphthane ring and indene ring 
is substituted by an alkyl group such as methyl, ethyl, propyl, tert-butyl, sec-butyl and iso-butyl. 
[0053] Examples of the halogenated hydrocarbon group include the group obtained by halogenating the aforemen- 
tioned hydrocarbon group by halogen. 

[0054] Examples of the silicon-containing group include mono-hydrocarbon-substituted silyl groups such as methyl 
20 silyl group and phenyl silyl group; di-hydrocarbon-substituted silyl groups such as dimethyl silyl group and diphenyl silyl 
group; tri-hydrocarbon-substituted silyl groups such astrimethyl silyl group, triethyl silyl group, triethyl silyl group, tributyl 
silyl group, tricyclohexyl silyl group, triphenyl silyl group, dimethylphenyl silyl group, methyldiphenyl silyl group, tritolyl 
silyl group and trinaphthyl silyl group; silyl ethers of mono-hydrocarbon-substituted silyl groups such as trimethyl silyl 
ether; sicon-substituted alkyl groups such as trimethylsilylmethyl group; and silicon-substituted aryl groups such as tri- 
25 methyl phenyl group. 

[0055] In addition, examples of the silicon-containing group besides the aforementioned groups include a group rep- 
resented by -SiR 3 (wherein R is halogen atom, an alkyl group having 1 to 10 carbon atoms or an aryl group having 6 to 
10 carbon atoms). 

[0056] Examples of the oxygen-containing group include hydroxy group; alkoxy groups such as methoxy group, 
30 ethoxy group, propoxy group and butoxy group; aryloxy group such as phenoxy group, methylphenoxy group, dimethyl- 
phenoxy group and naphthoxy group; arylalkoxy group such as phenylmethoxy group and phenylethoxy group. 
[0057] In addition, examples of the oxygen-containing group besides the aforementioned groups include a group rep- 
resented by -OSiR 3 (wherein R is halogen atom, an alkyl group having 1 to 10 carbon atoms or an aryl group having 6 
to 10 carbon atoms). 

35 [0058] Examples of the sulfur-containing group include a substituted group obtained by substituting the oxygen of the 
aforementioned oxygen-containing group by sulfur. 

[0059] In addition, examples of the sulfur-containing group besides the aforementioned groups include a group rep- 
resented by -SR (wherein R is halogen atom, an alkyl group having 1 to 10 carbon atoms or an aryl group having 6 to 
10 carbon atoms). 

40 [0060] Examples of the nitrogen-containing group include amino group; alkyl amino groups such as methyl amino 
group, dimethyl amino group, diethyl amino group, dipropyl amino group, dibutyl amino group and dicyclohexyl amino 
group; aryl amino or alkyl aryl amino group such as phenyl amino group, diphenyl amino group, ditolyl amino group, 
dinaphthyl amino group and methylpenyl amino group. 

[0061] In addition, examples of the nitrogen-containing group besides the sforementiond groups include a group rep- 
45 resented by -NR2 (wherein R is halogen atom, an alkyl group having 1 to 10 carbon atoms or an aryl group having 6 to 
10 carbon atoms). 

[0062] Example of the phosphor-containing group include a phosphino group such as dimethylphosphino and diphe- 
nylphosphino. 

[0063] In addition, examples of the phosphor-containing group bwesides the aforementioned groups include a group 
so represented by -PR2 (wherein R is halogen atom, an alkyl group having 1 to 10 carbon atoms or an aryl group having 
6 to 1 0 carbon atoms). 

[0064] Examples of halogen include fluorine, chlorine, bromine and iodine. 

[0065] These are preferably hydrocarbon groups, especially preferably hydrocarbon groups having 1 to 4 carbon 
atoms such as methyl, ethyl, propyl and butyl, a benzene ring formed by the bonding of hydrocarbon groups, and sub- 
55 stituted groups which the hydrogen atom on the benzene ring formed by the bonding of hydrocarbon groups is substi- 
tuted by an alkyl group such as methyl, ethyl, n-propyl, iso-propyl, n-butyl, iso-butyl and tert-butyl. 
[0066] X 1 and X 2 may be the same or different and stand for a hydrocarbon group, a halogenated hydrocarbon group, 
an oxygen-containing group, a sulfur-containing group, a silicon-containing group, hydrogen atom or halogen atom. 
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[0067] The hydrocarbon groups are preferably hydrocarbon groups having 1 to 20 carbon atoms. Specific examples 
of the hydrocarbon groups include the same groups as R 1 . R 2 , R 3 and R 4 . 

[0068] The halogenated hydrocarbon groups are preferably halogenated hydrocarbon groups having 1 to 20 carbon 
atoms. Their specific examples include the same groups as R 1 , R 2 , R 3 and R 4 . 
5 [0069] As examples of the oxygen-containing group and halogen atom, the same groups or atoms as R 1 , R 2 , R 3 and 
R 4 can be cited. 

[0070] Examples of the sulfur-containing group include the same groups as R 1 , R 2 , R 3 and R 4 and sulfonate groups 
such as methyl sulfonate, trifluoromethanesulfonate. phenyl sulfonate, benzyl sulfonate, p-toluene sulfonate, trimethyl- 
benzene sulfonate, triisobutylbenzene sulfonate, p-chloro benzene sulfonate and pentafluorobenzene sulfonate; sulfi- 
te nate groups such as methyl suffinate, phenyl surfinate, benzene sulfonate, p-toluene sulfinate, trimethylbenzene 
sutf inate and pentafluorobenzene surfinate. 

[0071] Examples of the silicon-containing group include the same silicon-substituted alky! group and silicon-substi- 
tuted aryl group as mentioned above. 

[0072] X 1 and X 2 are preferably halogen atom, a hydrocarbon group having 1 to 20 carbon atoms or a sulphonate 
15 group. 

[0073] Y 1 stands for a bivalent hydrocarbon group, a bivalent halogenated hydrocarbon group, a bivalent silicon-con- 
taining group, a bivalent germanium-containing group, a bivalent tin-containing group, -O-, -CO-, -S-, -SO-, -S0 2 -, - Ge- 
, -Sn-, -NR 5 -, -PfR 5 )-. -P(0)(R 5 )-, -BR 5 - or -A1R 5 - [Wherein R5 may be the same or different from one another and 
stands for hydrogen atom, halogen atom, a hydrocarbon group, a halogenated hydrocarbon group or an alkoxy group]. 
20 [0074] The hydrocarbon group is preferably a bivalent hydrocarbon group having 1 to 20 carbon atoms. 

[0075] Specific examples of the hydrocarbon group include alkylene groups such as methylene, dimethylmethylene, 
1,2-ethylene, dimethyl- 1 ,2-ethylene, 1 ,3-trimethylene, 1 ,4-tetramethylene, 1 ,2-cydohexylene and 1 ,4-cyclohexylene; 
arylalkylene groups such as diphenylmethylene and diphenyl- 1,2-ethylene. 

[0076] The halogenated hydrocarbon group is preferably a bivalent halogenated hydrocarbon group having 1 to 20 
25 carbon atoms, and specific examples of the halogenated hydrocarbon group include a group obtained by halogenating 

the aforementioned bivalent hydrocarbon group having 1 to 20 carbon atoms, such as chloromethylene. 

[0077] Examples of the bivalent silicon-containing group include alky I silylene group such as silylene, methylsilylene, 

dimethylsilylene, diethylsilylene, di(n-propyl)silylene. di(i-propyl)silylene. di(cyclohexyl)silylene, methylphenylsilylene, 

diphenysilylene, di(p-tolyf)silylene and di(p-chlorophenyl)silylene; alkylaryl silylene group; aryl silylene; alkyl disilyl 
30 group such as tetramethyM ,2-disilyl and tetraphenyl-1 ,2-disilyl; alkyl aryl disilyl group; and aryl disilyl group. 

[0078] Examples of the bivalent germanium-containing group include a group obtained by substituting the silicon of 

the aforementioned bivalent silicon-containing group by germanium. 

[0079] Furthermore, substituted silylene groups such as a dimehylsilylene group, a diphenylsilylene group and meth- 
ylphenylsilylene group are especially preferable as the bivalent silicon-containing group, bivalent germanium-containing 

35 group and bivalent tin-containing group. 

[0080] Specific examples of the meso form of these transition metal compounds represented by the aforementioned 
formula (I) include the meso form of the following compounds: 

Dimethylsilylenebis(1 -cydopentadienyl)zirconium dichloride, dimethylsilylenebis{1-(3-methylcydopentadi- 
enyl)}zirconium dichloride, dimethylsilylenebis{1-(2,4-dimethylcyclopentadienyl)}zirconium dichloride, dimethylsi- 

40 lylenebis{1-(2,3,5-trimethylcyclopentadienyl)} zirconium dichloride, dimethylsilylenebis{1-(4-phenylindenyl)}zirconium 
dichloride, dimethylsilylenebis{1-(2-methyl-4-phenylindenyl)}zirconium dichloride, dimethylsilylenebis{1 -(2-methyl-4-(a- 
naphthyl)indenyl)} zirconium dichloride, dimethyl si lylenebis{1 -(2 -methyl-4-(p-naphthyl)indenyl)}zirconi urn dichloride, 
dimethylsilylenebis{1 -(2-methyi-4-(1 -anthracenyl)indenyl)})zirconium dichloride, dimethylsilylenebis{1 -(2-methyl-4-(2- 
anthracenyl)indenyl)} zirconium dichloride, dimethylsilylenebis{1-(2-methyl-4-(9-anthracenyl)indenyl)}zirconium dichlo- 

45 ride, dimethylsilylenebis{1-(2-methyl-4-(9-phenanthryl)indenyl)} zirconium dichloride, dimethylsilylenebis{1-(2-methyl- 
4-(p-f luorophenyl)indenyl)}zirconium dichloride, dimethylsilylenebis {1 -(2-methyl-4-(pentaf luorophenyl)indenyl)}zirco- 
nium dichloride, dimethylsilylenebis{1-(2-methyl-4-(p-chlorophenyl)indenyl)}zirconium dichloride, dimethylsilylenebis 
{1-(2-methyl-4-(m-chlorophenyl)indenyl)}zirconium dichloride, dimethylsilylenebis{1-(2-methyl-4-(o-chlorophenyl)inde- 
nyl)} zirconium dichloride, dimethylsilylenebis{1-(2-methyl-4-(o,p-dichlorophenyl)phenylindenyl)}zirconium dichloride, 

so dimethylsilylenebis{1 -(2-methyl-4-(p-bromophenyl)indenyl)} zirconium dichloride, dimethylsilylenebis{1 -(2-methyl-4-(p- 
tolyl)indenyi)}zirconium dichloride, dimethylsilylenebis{1-(2-methyl-4-(m-toly!)indenyl)}zirconium dichloride, dimethylsi- 
lylenebis{1-(2-methyl-4-(o-tolyl)indenyl)}zirconium dichloride. dimethylsilylenebis{1-(2-methyl-4-(o,o'-dimethylphe- 
nyl)indenyl)}zirconium dichloride, dimethylsilylenebis{1-(2-methyl-4-(p-ethylphenyl)indenyl)} zirconium dichloride, 
dimethylsilylenebis{1 -(2-methyl-4-(p-i-propyl)phenylindenyl)}zirconium dichloride, dimethylsilylenebis{1 -(2-methyl-4-(p- 

55 bezylphenyl)indenyl)}zirconium dichloride, dimethylsilylenebis{ 1 -(2-methyl-4-(p-biphenyl)indenyl)} zirconium dichloride, 
diphenylsilylenebis{1-(2-methyl-4-(m-biphenyl)indenyl)}zirconium dichloride, dimethylsilylenebis{1-(2-methyl-4-(p-tri- 
methylsilylphenyl)indenyl)}zirconium dichloride, dimethylsilylenebis[1-(2-methyl-4-(m-trimethylsilylphenyl)indenyl)}zir- 
conium dichloride, dimethylsilylenebis{1-(2-ethyl-4-phenylindenyl)}zirconium dichloride, dimethylsilylenebis{1-(2-ethyl- 
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4-(a-naphthyl)indenyl)}zirconium dichloride, dimethylsilylenebis{1 -(2-ethyl-4-(p-naphthyl)indenyl)}zirconium dichloride, 
dimethylsilylenebis{1 -(2-ethyl-4-(1 -anthracenyl)indeny1)} zirconjum dichloride, dimethylsilylenebis{1 -(2-ethyl-4-(2- 
arrthracenyl)indeny1)} zirconium dichloride, dimethylsilylenebis{1-(2-ethyl-4-(9-anthracenyl)indenyl)}zirconium dichlo- 
ride, dimethyisilylenebis{1-(2-ethyl-4-(9-phenanthryl)indenyl)} zirconium dichloride, dimethylsilylenebis{1-(2-ethyl-4- 
phenylindenyl)zirconium dichloride. dimethylsilylenebis{1-(2-phenyl-4-phenylindenyl)}zirconium dichloride, dimethylsi- 
lylenebis{1-(2-n-propyl-4-phenylindenyl)}zirconium dichloride, dimethylsilylenebis{1-(2-n-propyl-4-(a-naphthyl)inde- 
nyl)}zirconium dichloride, dimethylsilylenebis{1-(2- n-propyl -4-( p-naphthyl)indenyl)}zirconium dichloride, 
dimethyisilylenebis{1 -(2-n-propyl-4-(1 -anthracenyl)indenyl)} zirconium dichloride, dimethylsilylenebis{1 -(2-n-propyl-4- 
(2-anthracenyl)indenyl)}zirconium dichloride, dimethylsilylenebis{1-(2-ni3ropyl-4-(9-anthracenyl)indeny1)}zirconium 
dichloride, dimethylsilylenebis{1-(2- n-propyl-4-(9-phenathryl)indenyl)}zirconium dichloride, dimethylsilylenebis{1-(2-i- 
butyl-4-phenylindenyl)}zirconium dichloride, dimethylsilylenebis{1-(2-i-butyl-4-(a-naphthyl)indenyl)}zirconium dichlo- 
ride, dimethylsilylenebis{1-(2-i-butyl-4-(p-naphthyl)indenyl)} zirconium dichloride, dimethylsilylenebis{1-(2-i-butyl-4-(1- 
anthracenyOindenyl)}zirconium dichloride, dimethylsilylenebis{1 -(2-i-butyl-4-(2-anthracenyl)indenyl)}zirconium dichlo- 
ride, dimethylsilylenebis{1 -(2-i-butyl-4-(9-anthracenyl)indenyl)}zirconium dichloride, dimethylsilylenebis{1 -(2-i-butyl-4- 
(9-phenathryl)indenyl)}zirconium dichloride, diethylsilylenebis{1-(2-methyl-4-phenylindenyl)}zirconium dichloride, di(i- 
propyl)silylenebis{1-(2-methyl-4-phenylindenyl)}zirconium dichloride, di(n-buty!)silylenebis{1-(2-methyl-4-phenylinde- 
nyl)}zirconium dichloride. dicyclohexylsilylenebis{1-(2-methyl-4-phenylindenyl)}zirconium dichloride, methyphenyllsi- 
lylenebis{1 -(2-methyl-4-phenylindenyl)}zirconium dichloride, diphenylsilylenebis{1 -(2-methyl-4- 

phenylindenyl)}zirconium dichloride. di(p-tolyl)silylenebis{1 -(2 -methyl -4-phenylindenyl)}zirconium dichloride. di(p-ch!o- 
rophenyl)silylenebis{1 -(2-methyl-4-phenylindenyl)}zirconium dichloride, methylenebis{1 -(2-methyl-4-phenylindenyl)}zir- 
conium dichloride, ethylenebis{1-(2-methyl-4-phenylindenyl)}zirconium dichloride, dimethylgermylenebis{1-(2-methy1- 
4-phenylindenyl)}zirconium dichloride, dimethylsilylenebis{1 -(2-methyl-4-phenylindenyl)}zirconium dibromide, dimethyi- 
silylenebis{1 -(2-methyl-4-phenylindenyl)}zirconium dimethyl, dimethylsilylenebis{1 -(2-methyl-4-phenylindenyl)}zirco- 
nium methylchloride, dimethylsilyleneb*s{1-(2-methyl-4-phenylindenyi)}zirconium chlorideS02Me, 

dimethylsilylenebis{1 -(2-methyl-4-phenylindenyi)}zirconium chlorideOS02Me, dimethylsilylenebis{1 -(2-methyl-4-phe- 
nylindenyl)}titanium dichloride, dimethylsilylenebis{1-(2-methyl-4-phenylindenyl)} hafnium dichloride, dimethylsi- 
lylenebis{1 -(2,7-dimethyl-4-ethylindenyl)}zirconium dichloride, dimethylsilylenebis{1 -(2,7-dimethyl-4- 

propylindenyl)}zirconium dichloride, dimethyl silylenebis{1 -(2, 7-dimethyl-4-i-propylindenyl)}zirconium dichloride, 
dimethylsilylenebis{1-(2,7-dimethyl-4-n-butylindenyl)}zirconium dichloride, dimethylsilylenebis{1-(2,7-dimethyl-4-sec- 
butylindenyl)}zirconium dichloride, dimethylsilylenebis{1-(2,7-dimethyl-4-t-butylindenyl)}zirconium dichloride, dimethyl- 
silylenebis{1 -(2,7-dimethyl-4-n-pentylindenyl)}zirconium dichloride, dimethylsilylenebis{1 -(2,7-dimethyl-4-n-hexytinde- 
nyl)}zirconium dichloride, dimethylsilylenebis{1-(2,7-dimethyl-4-cyclohexylindenyl)}zirconium dichloride, 
dimethyisiiylenebis{1 -(2,7-dimethyl-4-methylcyclohexylindenyl)} zirconium dichloride, dimethylsilylenebis{1 -(2,7-dime- 
thyl-4-phenylethylindenyl)}zirconium dichloride, dimethylsilylenebis{1-(2,7-dimethyl-4-phenyldichloromethylindenyl)} 
zirconium dichloride, dimethylsilylenebis{1-(2,7<limethyl-4-chloromethylindenyl)}zirconium dichloride, dimethylsi- 
lylenebis{1 -(2,7-dimethyl-4-trimethylsilylmethylindenyl)} zirconium dichloride, dimethylsilylenebis{1 -(2,7-dimethyl-4-tri- 
methylsiloxymethylindenyl)} zirconium dichloride, diethylsilylenebis{1-(2,7-dimethyl-4-i-propylindenyl)}zirconium 
dichloride, di(i-propyi)silylenebis{1-(2.7-dimethyl-4-i-propylindenyl)}zirconium dichloride, di(n-butyl)sily1enebis{1-(2,7- 
dimethyl-4-i-propylindenyl)}zirconium dichloride. di(cydohexyl)silylenebis{1-(2.7-dimethyl-4-i-propylindenyl)}zirconium 
dichloride, methylphenylsilylenebis{1-(2,7-dimethyl-4-i-propylindenyl)}zirconium dichloride, methylphenylsilylenebis{1- 
(2,7-dimethyl-4-t-butylindenyl)}zirconium dichloride, diphenylsilylenebis{1-(2,7-dimethyl-4-t-butylindenyl)}zirconium 
dichloride, diphenylsilylenebis{1 -(2,7-dimethyl-4-i-propylindenyl)}zirconium dichloride, diphenylsilylenebis{1 -(2,7-dime- 
thyl-4-ethylindenyl)}zirconium dichloride, di(p-tolyl)silylenebis{1 -(2,7-dimethyl-4-i-propylindenyl)}zirconium dichloride. 
di(p-chlorophenyl)silylenebis{1 -(2,7-dimethyl-4-i-propylindenyl)}zirconium dichloride, dimethylsilylenebis{1 -(2-methyl- 
4-i-propyl-7-ethylindenyl)}zirconium dibromide, dimethylsilylenebis{1 -(2,3,7-trimethyl-4-ethylirKienyl)}zirconium dichlo- 
ride, dimethylsilylenebis{1-(2,3,7-trimethyl-4-n-propytindenyl)}zirconium dichloride, dimethylsilylenebis{1 -(2,3,7-trime- 
thyl-4-i-propylindenyl)}zirconium dichloride, dimethylsilylenebis{1-(2,3,7-trimethyl-4-n-butylindenyl)}zirconium 
dichloride, dimethylsilylenebis{1 -(2,3,7-trimethyl-4-sec-butylindenyl)}zirconium dichloride, dimethylsilylenebis{1 -(2,3,7- 
trimethyl-4-t-butylindenyl)}zirconium dichloride. dimethylsilylenebis{1-(2,3,7-trimethyl-4-n-pentylindenyl)}zirconium 
dichloride, dimethylsilylenebis{1 -(2,3,7-trimethyl-4-n-hexylindenyl)}zirconium dichloride, dimethylsilylenebis{1 -(2,3,7- 
trimethyl-4-cydohexylindenyl)}zirconium dichloride, dimethylsilylenebis{1-(2,3,7-trimethyl-4-methylcyclohexylinde- 
nyl)}zirconium dichloride, dimethylsilylenebis{1 -(2,3,7-trimethyl-4-trimethylsilylmethylindenyl)}zirconium dichloride, 
dimethylsilylenebis{1-(2,3,7-trimethyl-4-trimethylsiloxymethylindenyl)}zirconium dichloride, dimethylsi!ylenebis{1- 
(2,3,7-trimethyl-4-phenylethylindenyl)}zirconium dichloride, dimethylsilylenebis{1-(2,3,7-trimethyl-4-phenyldichlo- 
romethylindenyl)}zirconium dichloride, dimethylsilylenebis{1 -(2,3,7-trimethyl-4-chloromethylindenyl)}zirconium dichlo- 
ride, diethylsilylenebis{1 -(2,3,7-trimethyl-4-iiDropylindenyl)}zirconium dichloride, di(i-propyl)silylenebis{1 -(2,3,7- 
trimethyl-4-i-propylindenyl)}zirconium dichloride, di(n-butyl)silylenebis{1-(2.3,7-trimethyl-4-i-propylindenyl)}zirconium 
dichloride. di(cyclohexyl)silylenebis{1-(2,3,7-trimethyl-4-i-ropylindenyl)}zirconium dichloride, methylphenylsi- 
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lylenebis{1-(2,3.7-trime1hyl-4-i-propylindenyl)}zirconium dichloride, methylphenylsilylenebis{1-(2,3,7-trimethyl-4-t-butyl- 
indenyl)}zirconium dichloride, diphenylsilylenebis{1 -(2,3 J-trimethy1-4-t-butylindeny0}zirconium dichloride, 
diphenylsilylenebis{1 -(2,3,7-trimethyi-4-i-propyiindenyl)}zirconium dichloride, diphenylsilylenebis{1 -(2.3,7-trimethyl-4- 
ethylindenyl)}zirconium dichloride, di(p-tdyl)silylenebis{1-(2,3,7-trime1hyl-4-ii3rcpylirxJenyl)}zirconium dichloride, di(p- 

5 ch!orophenyl)silylenebis{1 -(2,3,7-trimethyl-4-i-propylindenyi)}zirconium dichloride, dimethylsilylenebis{1 -(2-methyl-4-i- 
propyi-7-methylindenyl)} zirconium dimethyl, dimethylsilylenebis{1-(2-methyl-4-i-propyl-7-methylindenyl)} zirconium 
methylchloride, dimethylsilylenebis{1-(2-methyl-4-i-propyl-7-methylindenyl)}zirconium-bis(methanesulfonate), dimeth- 
ylsilylenebis{1-(2-methyl-4-i-propyl-7-methyli^ dimethylsilyleneWs{1-(2-methyl- 
3-methyl-4-i-propyl-7-methyfindenyl)} zirconium dichloride, dimethylsilylenebis{1-(2-ethyl-4-i-propyl-7-methylinde- 

w nyl)}zirconium dichloride, dimethylsilylenebis{1-(2-phenyl-4-i-propyl-7-methylindenyl)Jzirconium dichloride, dimethylsi- 
lylenebis{1-(2-methyl-4-i-propyl-7-methylindenyl)}titanium dichloride, dimethylsilylenebis{1-(2-methyl-4-i-prcpyl-7- 
methylindenyl)} hafnium dichloride, dimethylsilylenebis{1-(2-ethyl-4,5-benzoindenyl)}zirconium dichloride, dimethyls!- 
lylenebis{1-(2-methyl-a-acenaphthindenyl)}zirconium dichloride, methylphenylsilylenebis{1-(2-methyl-4,5-benzoinde- 
nyl)}zirconium dichloride, methylphenylsilylenebis{1-(2-methyl-a-acenaphthindenyl cyclopentadienyl)} zirconium 

75 dichloride, methylphenylsilylenebis{1-(4,5-benzoindenyl)}zirconium dichloride, methylphenylsilylenebis{1-(2,6-dime- 
thyl-4,5-benzoindenyl)}zirconium dichloride, and methylphenylsilylenebis{1 -(2,4,6-trimethyl-4,5-benzoindenyl)}zirco- 
nium dichloride. 

[0081] Compounds replacing the zirconium in the aforementioned compounds with titanium or hafnium can also be 
cited as the examples of the meso form of these transition metal compounds. 

20 [0082] As examples of the (b) component used in the present invention, which is the compound that reacts with the 
transition metal M in the component (a) to form an ionic complex, the Lewis acid, ionic compound and carborane com- 
pound which are disclosed in Published Patent Publication HE1 1-501950, Published Patent Publication HE1 1 -502036, 
Laid-open Patent Publication HEI 3-179005, Laid-open Patent Publication HEI 3-179006, Laid-open Patent Publication 
HEI 3-207703, Laid-open Patent Publication HEI 3-207704, U.S. Patent 547718. etc.. can be cited. 

25 [0083] Examples of the Lewis acid include magnesium-containing Lewis acid, aluminum-containing Lewis acid and 
boron-containing Lewis acid, and boron-containing Lewis acid out of them is preferable. 

[0084] Specific examples of the Lewis acid containing boron atom include the compounds represented by the follow- 
ing formula (VII): 

30 BRa Rb Rc (VII) 

(wherein Ra, Rb and Rc stands each independently for a phenyl group which may have a substituent group such as 
fluorine atom, a methyl group and a trifluoromethyl group, or fluorine atom.) 

[0085] Specific examples of the compounds represented by the aforementioned formula (VII) include trrfluoroboron, 
35 triphenylboron, tris(4-fluorophenyl)boron, tris(3,5-difluorophenyl) boron, tris(4-fluoromethylphenyl)boron, tris(pen- 
tafluorophenyl)boron, tris(p-tolyl)boron, tris(o-tolyl)boron and tris(3,5-dimethylphenyl)boron. Out of these, tris(pen- 
tafluorophenyl)boron is especially preferable. 

[0086] The ionic compound is a salt comprising a cationic compound and an anionic compound. An anion reacts with 
the aforementioned transition metal compound (a) to make it cationic, and form ion pairs and thereby stabilize transition 

40 metal cation. Examples of such anion include organic boron compound anion, organic arsenic compound anion and 
organoaiuminum compound anion, and those anions which stabilize transition metal cation species at a relatively high 
volume are preferable. Examples of cation include metal cation, organometallic cation, carbonium cation, tritium cation, 
oxonium cation, sulphonium cation, phosphonium cation and ammonium cation. More specific examples of cation 
include triphenylcalbenium cation, tributylammonium cation, N,N-dimethylammonium cation and ferrocenium cation. 

45 [0087] Out of these, a preferable anion is an ionic compound containing a boron compound. Specifically, examples of 
trialkyl-substituted ammonium salt include triethylammonium tetra(phenyl)boron, tripropylammonium tetra(phe- 
nyl)boron, tri(n-butyl) ammonium tetra(phenyl)boron, trimethylammonium tetra(p-tolyl)boron, trimethylammonium 
tetra(o-tolyl)boron, tributylammonium tetra(pentafluoropenyl)boron, tripropylammonium tetra(o,p-dimethylphe- 
nyl)boron, tributylammonium tetra(m,m-demethylphenyl)boron, tributylammonium tetra(p-trifluoromethylphenyl)boron, 

so and tri(n-butyl)ammonium tetra(o-tolyl)boron and tri(n-butyl)ammonium tetra(4-fluorophenyl)boron. 

[0088] Examples of N,N-dialkylanilium salt include N,N-dimethylanilinium tetra(phenyl)boron, N,N-diethylanilinium 
tetra(phenyl) boron and N,N-2,4.6-pentamethylaniliniumtetra (phenyl)boron. 

[0089] Examples of dialkylammonium salt include di(n-propyl) ammonium tetra(pentafuluorophenyl) boron, and dicy- 
clohexyl ammonium tetra(phenyl) boron. 
55 [0090] Examples of triarylphosphonium salt include triphenylphosphonium tetra(phenyl) boron, tri(methylphe- 
nyl)phosophonium tetra(phenyl)boron and tri(dimethylphenyl)phosphonium tetra(phenyl)boron. 
Furthermore, examples of the ionic compound containing boron atom include triphenylcarbenium tetraWs(pentafluor- 
ophenyl)borate, N,N-dimethylanilinium tetraWs(pentafluorophenyl)borate and ferroceniumtetra(pentafluorophe- 
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nyl)borate. 

[0091 ] The following compounds can also be cited as examples. (In the ionic compounds listed below, the paired ions 
are, but are not limited to, tri(n-butyl)ammonium.) 

[0092] Anion salts, such as: bis[tri(n-buty!)ammonium] nonaborate, bis[tri(n-butyl)ammonium] decaborate, bis[tri(n- 
butyl)ammonium] undecaborate, bis[tri(n-butyl) ammonium] dodecaborate, bis[tri(n-butyl)ammonium] decachloro- 
decaborate, bis[tri(n-butyl)ammonium]dodecachlorododecaborate, tri(n-butyl)ammonium 1 -carbadecaborate. tri(n- 
butyl)ammonium 1-carbaundecaborate, trt(n-butyl)ammonium 1 -carbadodecaborate, tri(n-butyl)ammonium 1 -trimethyl- 
silyl-1 -carbadecaborate and tri(n-butyl)ammonium bromo-1 -carbadodecaborate; Examples of borane, carborane com- 
plex and salts of carborane anion include decaborane(14), 7,8-dicarbaundecaborane(13), 2,7- 
dicarbaundecaborane(13), undecahydride-7,8-dimethyl-7,8-dicarbadecaborane, dodecahydride-1 1-methyl-2,7-dicar- 
baundecaborane, tri(n-butyl)ammonium 6-carbadecaborate(14), tri(n-butyl)ammonium 6- carbadecaborate(12), tri(n- 
butyi)ammonium 7-carbaundecaborate(13), tri(n-butyl)ammonium 7,8- di-carbaundecaborate(12), tri(n-butyl)ammo- 
nium 2,9-di-carbaundecaborate(12). tri(n-butyl)ammonium dodecahydride-8-methyl-7,9-dicarbaundecaborate, tri(n- 
butyl)ammonium dodecahydride-8-methyl-7,9<licarbaundecaborate, tri(n-butyl)ammonium dodecahydride-8-methyl- 
7,9-dicarbaundecaborate, tri(n-butyl)ammonium dodecahydride-8-methyl-7,9-dicarbaundecaborate, tri(n-butyl)ammo- 
nium undecahydride-9-trimethylsilyl-7 P 8-dicarbaundecaborate and tri(n-butyl)ammonium undecahydrkJe-4,6-dibromo- 
7-carbaundecaborate. 

[0093] Carboranes and salts of carborane such as: 4-carbanonaborane(14), 1,3-dicarbanonaborane(13), 6,9- dicar- 
badecaborane(1 4), dodecahydride-1 -phenyl- 1 ,3-dicarbanonaborane, dodecahydride- 1 -methyl- 1 ,3-dicarbanonaborane 
and undecahydride-1 ,3-dimethyl-1 ,3-dicarbanonabarane. 
[0094] In addition, the following compounds can be cited as examples. 

(The paired ions in the ionic compounds listed below are, but are not limited to, tri(n-butyl)ammonium.) 
[0095] Salts of metallocarborane, and metalloborane anion such as: tri(n-butyl)ammonium bis(nonahydride-1 ,3-dicar- 
banonaborate)cobaltate(lll), tri(n-butyl)ammonium bis(undecahydride-7 l 8-dicarbaundecaborate)ferrate(lll), tri(n- 
butyl)ammonium bis(undecahydride-7 1 8-dicarbaundecaborate) cobaltate(lll), tri(n-butyl)ammonium bis(undecahydride- 
7,8-dicarbaundecaborate) nickelate(lll), tri(n-butyl)ammonium bis(undecahydride-7.8-dicarbaundecaborate) 
cuprate(lll), tri(n-butyl)ammonium bis(undecahydride-7,8-dicarbaundecaborate) aurate(lll). tri(n-butyl)ammonium 
bis(nonahydride-7,8-dimethyl-7,8-dicarbaundecaborate) ferrate(lll), tri(n-butyl)ammonium bis(nonahydride-7,8-dime- 
thyl-7,8-dicarbaundecaborate) chromate(ltl), tri(n-butyl)ammonium bis(tribromooctahydride-7,8-dicarbaundecaborate) 
cobaltate(lll), tri(n-butyl)ammonium bis(dodecahydridedicarbadodecaborate) cobaltate(lll), bis[tri(n-butyl)ammonium] 
bis(dodecahydrtdeddodecaborate)nickelate(lll), tris[tri(n-butyl)ammonium] bis(undecahydride-7-carbaundecaborate) 
chromate(lll), bis[tri(n-butyl)ammonium] bis(undecahydride-7-carbaundecaborate)manganate(IV), bis[tri(n- 
butyt)ammonium]bis(undecahydride-7-carbaundecaborate) cobaltate(lll) and bis[tri(n-butyl)ammonium] bis(undecahy- 
dride-7-carbaundecaborate) nickelate(IV). 

[0096] As examples of the organoaluminum compound (c) used in the present invention, the organoaluminum com- 
pound represented by the following formula (VIII) can be cited: 

Rd n AIX 3 _ n (VIII) 

(wherein Rd stands for a hydrocarbon group having 1 to 1 2 carbon atoms, X stands for halogen atom or hydrogen atom, 
and n is 1 to 3.) 

[0097] In the above formula (VIII), Rd is a hydrocarbon group having 1 to 12 carbon atoms, such as an alkyl group, a 
cycloalkyl group or an aryl group, specifically a methyl group, an ethyl group, an n-propyl group, an isopropyl group, an 
isobutyl group, a pentyl group, a hexyl group, an octyl group, a cyclopentyl group, a cyclohexyl group, a phenyl group 
and a tolyl group, for example. 

[0098] Specific examples of the organoaluminum compound (c) include the following compounds: 
Trialkylaluminums such as trimethylaluminum, triethylaluminum, trisopropylaluminum, triisobutylaluminum, trioctylalu- 
minum, tri(2-ethylhexyl)aluminum and tridecylaluminum; 

alkenylaluminums such as isoprenylaluminum; dialkylaluminum halides such as dimethylaluminum chloride, diethylalu- 
minum chloride, diisopropylaluminum chloride, diisobutylaluminum chloride and dimethylaluminum bromide; 
alkylaluminum sesquihalides such as methylaluminum sesquichloride, ethylaluminum sesquichloride, isopropylalumi- 
num sesquichloride, butylaluminum sesquichloride and ethylaluminum sesquibromide; 

alkylaluminum dihalides such as methylaluminum dichloride. ethylaluminum dichloride, isopropylaluminum dichloride 
and ethylaluminum dibromide; 

alkylaluminum hydride such as diethylaJuminum hydride and diisobutylaluminum hydride. 

[0099] The compound represented by the following formula (IX) may be used as the organoaluminum compound (c): 

Rd n AIY 3 . n ( |X ) 
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(wherein Rd is the same as described above; Y stands for the -ORe group and the OSiRf 3 group, -OAIRg 2 group, -NRh 2 
group, -SiRi 3 group or -N(Rj)AIRk 2 group; n is 1 to 2; Re, Rf, Rg and Rk are the methyl group, ethyl group, isopropyl 
group, isobutyl group, cyclohexyl group and phenyl group, for example; Rh is hydrogen atom, methyl group, ethyl group, 
isopropyl group, phenyl group and trimethylsilyl group; and Ri and Rj are the methyl group and ethyl group. 
[01 00] Specific examples of these organoaluminum compounds include the following compounds: 

(1) compounds represented by Rd n AI(ORe) 3 . n such as dimethylaluminum methoxide, diethylaluminumethoxide and 
diisobutylaluminummethoxide 

(2) compounds represented by Rd n AI(OSiRf 3 ) 3 . n such as E^AIfOSiMes), (iso-Bu) 2 AI(OSiMe 3 ) and (iso- 
Bu) 2 AI(OSiEt 3 ) 

(3) compounds represented by Rd n AI(OAI Rg^n such as Et 2 AIOAIEt 2 and (iso-Bu) 2 AIOAI(iso-Bu) 2 

(4) compounds represented by Rd n AI(NRh2) 3 - n such as Me 2 AINEt 2 , Et 2 AINHMe, MesAINHEt, Et 2 AIN(SiMe 3 ) 2 and 
(iso-Bu) 2 AIN(SiMe 3 ) 2 

(5) compounds represented by RD n AI(SiRi 3 ) 3 . n such as (iso-Bu) 2 AISiMe 3 

(6) compounds represented by RdnAKNKRjJAIRke)^ such as Et 2 AIN(Me)AIEt 2 and (iso-Bu) 2 AIN(Et)AI(iso-Bu) 2 

[0101] Out of the organoaluminum compounds represented by the aforementioned formula (VIII) or (IX), the com- 
pound represented by the formula Rd 3 AI, is preferable, and especially a compound wherein Rd is the isoalkyl group is 
preferable. 

[0102] Such organoaluminum compound (c) may be used singly or in combination with not less than two of them. 
[0103] The component (d) alumoxane used in the present invention may be alumoxane conventonally known to the 
public or an organic aluminumoxy compound insoluble in benzene as cited as an example in Laid-open Patent Publica- 
tion HE I 2-78687. 

[01 04] The alumoxane conventionally known to the public can be prepared by the following method, for example: 

(1) Method in which an organoaluminum compound such as trialkylaluminum is added to a hydrocarbon medium 
suspension of a compound containing absorbed water or a salt containing crystal water, such as magnesium chlo- 
ride hydrate, copper sulfate hydrate, aluminum sulfate hydrate, nickel sulfate hydrate and cerium chloride hydrate, 
to cause reaction. 

(2) Method in which water, ice or steam is caused to act directly on an organoaluminum compound such as trialky- 
laluminum in a medium such as benzene, toluene, ethylether and tetrahydrofuran. 

(3) Method in which a organoaluminum compound such as trialkylaluminum is made to react with an organic tin 
oxide such as dimethyltinoxide and dibutyltin oxide in a solvent such as decane, benzene and toluene. 

[0105] Such alumoxane may contain a small amount of an organometallic component. Such alumoxane may also be 
dissolved in a solvent again or suspended in a poor solvent of alumoxane after the solvent or an unreacted organoalu- 
minum compound is removed by distillation from a recovered solution of the aforementioned alumoxane. 
[01 06] Specific examples of the organoaluminum compounds used in the preparation of alumoxane include trialkyla- 
luminums such as trimethylaluminum, triethylaluminum, tripropylaluminum, triisopropylaluminum, tri-n-butylaluminum, 
triisobutylaluminum, tri-sec-butylaluminum, tri-tert-butylaluminum, tripentylaluminium, trihexylaluminium, trioctylalumin- 
ium and tridecylaluminium; tricycloalkylaluminums such as tricyclohexylaluminum and tricydooctylaluminum; dialkyla- 
luminum halides such as dimethylaluminum chloride, diethylaluminum chloride, diethylaluminum bromide and 
diisobutylaluminum chloride; dialkylaluminium hydrides such as diethylaluminum hydride and diisobutylaluminum 
hydride; dialkyl aluminum alkoxides such as dimethyl aluminum methoxide and diethyl aluminum ethoxide; and dialky- 
laluminum aryloxides such as diethylaluminum phenoxide. 

[0107] Out of these, trialkylaluminum and tricycloalkylaluminum are preferable, and trimethylaluminum is especially 
preferable. 

[01 08] Moreover, as an example of the organoaluminum compound used in the preparation of alumoxane, the isopre- 
nylaluminum represented by the following formula (VI) can be cited: 

(i-C 4 H 9 ) x Al y (C 5 H 10 ) z (VI) 

(wherein x, y and z are positive numbers, and zs 2x) 

[01 09] Such organoaluminum compound may be used singly or in combination. 

[01 1 0] Examples of the solvent used in the preparation of alumoxane include hydrocarbon solvents of aromatic hydro- 
carbons such as benzene, toluene, xylene, cumene and cymene, aliphatic hydrocarbons such as pentane, hexane, 
heptane, octane, decan, dodecane, hexadecane and octadecane, alicyclic hydrocarbons such as cyclopentane, 
cyclo hexane, cyclooctane and methylcyclopentane, petroleum fractions such as gasoline, kerosene and gas oil, and 
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halides, particularly chlorides and bromides, of the aforementioned aromatic hydrocarbons, aliphatic hydrocarbons and 
alicyclic hydrocarbons. In addition, ethers such as ethylether and tetrahydrofuran may be used as such solvent. Out of 
these solvents, aromatic hydrocarbons or aliphatic hydrocarbons are especially preferable. 

[01 1 1 ] These organic aluminumoxy compounds may be used singly or in combination with not less than two of them. 
5 [0112] At least one of the above components (a) transition metal complex, (b) compound forming an ionic complex, 
(c) organoaluminum compound and (d) alumoxane may be used in the state of being supported on a fine particle car- 
rier. 

[01 1 3] Such fine particle carrier is an inorganic or organic compound, which is a granular or fine particle solid having 
a particle diameter of 1 0 to 300 urn, preferably 20 to 200 um. 
10 [01 14] Out of them, preferable examples of the inorganic carrier include porous oxides, specifically Si0 2 , Al 2 0 3l MgO, 
Zr0 2 . Ti0 2 , ^03, CaO, ZnO, BaO, Th0 2 , or mixtures of these, such as SiO r MgO, Si0 2 -Al 2 0 3 , Si0 2 -Ti0 2 , Si0 2 -V 2 0 5 , 
Si0 2 -Cr 2 0 3 and Si0 2 -Ti0 2 -MgO. Out of these especially preferable are the ones using Si0 2 and/or Al 2 0 3 as the main 
component. 

[01 1 5] Further, the aforementioned inorganic oxides may contain small amounts of the carbonate, sulfate, nitrate and 
15 oxide components such as Na 2 C0 3 . K 2 C0 3 . CaC0 3 , MgC0 3 , Na 2 S0 4 , A1 2 (S04) 3 , BaS0 4 , KN0 3 , Mg(N0 3 ) 2 , 
AI(N0 3 ) 3 , Na 2 0, K 2 0 and Li 2 0. 

[0116] Such fine particle carriers are different in properties depending on their types and manufacturing processes. 
However, the fine particle carrier preferably used in the present invention has a specific surface area in a range of 50 to 
1 .000 m 2 /g, more preferably 100 to 700 m 2 /g, and a pore volume in a range of 0.3 to 2.5 cm 3 /g. Such fine particle car- 
go riers are used after being baked as required at 100 to 1 ,000°C, preferably 150 to 700°C. 

[0117] Furthermore, as examples of the fine particle carrier, a granular or fine particle solid of an organic compound 
having a particle diameter of 10 to 300 um. Examples of these organic compounds include (co)polymers formed by 
using a-olefins having 2 to 14 carbon atoms, such as ethylene, propylene, 1-butene and 4-methyl-1-perrtene as the 
main component, or the polymers or copolymers formed by using vinylcyclohexane and styrene as the main compo- 
25 nent. 

[0118] Such fine particle carriers may contain a surface hydroxyl group and/or water. 

[0119] The catalyst can be prepared by mixing and bringing into contact (a) a transition metal complex, (b) a com- 
pound forming an ionic complex and/or (d) alumoxane, a fine particle carrier, and as required (c) an organoaluminum 
compound in an inert hydrocarbon medium or an olefin medium. 

30 [0120] Specific examples of the inert hydrocarbon medium used in the preparation of the polymerization catalyst 
include aliphatic hydrocarbons such as propane, butane, pentane, hexane, heptane, octane, decane, dodecane and 
kerosene; alicyclic hydrocarbons such as cydopentane, cyclohexane and methylcyclopentane; aromatic hydrocarbons 
such as benzene, toluene and xylene; and halogenated hydrocarbons such as ethylenechloride, chlorobenzene and 
dichloromethane or mixtures thereof. 

35 [01 21 ] As the method for getting the aforementioned transition metal complex (a) supported on a fine particle carrier, 
a method is normally used in which the transition metal complex (a) and a fine particle carrier are mixed and brought 
into contact in a hydrocarbon medium. At the time of bringing the aforementioned components into contact, the orga- 
noaluminum compound (c) may also be mixed and brought into contact with them additionally. 
[0122] More specific examples of the aforementioned method include: 

40 

(1) Method in which after (b) and/or (c) is added to and mixed with the fine particle carrier suspended in a hydro- 
carbon medium, the medium is filtered out, and the solid component thus obtained is brought into contact with the 
transition metal complex (a), which has been suspended or dissolved in a hydrocarbon solvent. 

(2) Method in which after (b) and/or (c) is added to and mixed with the fine particle carrier suspended in an aromatic 
45 hydrocarbon medium, an aliphatic hydrocarbon is further added, and then the aromatic hydrocarbon is removed 

under reduced pressure; as a result of these operations, the organic aluminumoxy compound precipitates on the 
fine particle carrier; and next, the solid component obtained by filtering out the aliphatic hydrocarbon and the tran- 
sition metal complex (a) suspended or dissolved in the hydrocarbon medium are brought into contact. 

(3) Method in which after (b) and/or (c) and the transition metal complex (a) are added to and mixed with the fine 
so particle carrier suspended in a hydrocarbon medium, the hydrocarbon medium is removed by a filter or an evapo- 
rator. 

[0123] In mixing the above components, the transition metal complex (a) is normally used in an amount of 10" 6 to 5 x 
10" 3 mol, preferably 3 x 10' 6 to 10* 3 mol. per g of the fine particle carrier, and the concentration of the transition metal 
55 complex (a) is approx. 5 x 10" 6 to 2 x 10" 2 mol/liter, preferably 10" 5 to 10" 2 mol/liter. In the case of using alumoxane for 
(c), the atomic ratio (Ai/transition metal) of the aluminum in alumoxane (c) to the transition metal in the transition metal 
complex (a) is normally 10 to 3,000, preferably 20 to 2,000. In the case of using an ionized ionic compound for (b), the 
molar ratio [(a)/(b)] of the transition metal complex (a) to (b) is normally in a range of 0.01 to 10; preferably 0.1 to 5. In 
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the case of using the organoaluminum compound (c), the atomic ratio (A!/transition metal) of the aluminum in the orga- 
noaluminum compound (c) to the transition metal in the transition metal complex (a) is normally 1 0 to 3,000, preferably 
20 to 2,000. 

[0124] The mixing temperature in the mixing of the aforementioned components is normally -50 to 150°C, preferably 
5 -20 to 120°C, and the contact time is 1 to 1 ,000 minutes, preferably 5 to 600 minutes. Further, the mixing temperature 
may be varied during the mixing and contacting of the components. 

[0125] The operation of getting the transition metal complex (a) supported on a fine particle carrier may be carried 
out in the presence of zeolite or organic amine. 

[0126] As an example of zeolite, the compound represented by the following general formula can be cited, for exam- 
w pie, and molecular sieve TM is preferable: 

M2/ n O • Al 2 0 3 • xSi0 2 • yH 2 0 

(wherein M stands for Na, K, Ca or 6a, n stands for the value of M, x is 2 to 10, and y is 2 to 7.) 
15 [0127] Examples of organic amine include monoalkylamines such as methylamine, ethylamine, n-propylamine, iso- 
propylamine, n-butylamine and t-butylamine; dialkylamines such as di methylamine, diethylamine, di-n-propylamine, 
diisopropylamine, di -n-butylamine and di -t-butylamine; trialkylamines such as trimethylamine, triethylamine, and tri-n- 
propylamine and tri -n-butylamine. 

[0128] Zeolite is normally used in an amount of 1 x 10" 2 to 1 x 10 2 g, preferably 1 x 10* 1 to 10 g, per g of the fine 
20 particle carrier. Organic amine is normally used in an amount of 1 x 10* 7 to 2 x 10" 2 mol, preferably 1 x 10" 5 to 1 x 10' 2 
mol, per g of the fine particle carrier. 

[0129] The use of zeolite and organic amine in the preparation of the catalyst makes possible the preparation of a 
solid catalyst with the transition metal complex (a) supported at a high supporting rate. 

[0130] It is desirable that in a solid catalyst obtained as described above, the transition metal complex (a) should be 

25 supported in an amount of 10" 6 to 10" 3 grams atom, preferably 2 x 10" 6 to 3 x 10' 4 grams atom, culculated as transition 
metal atom, and per g of the fine particle carrier, and alumoxane (d) [or the organoaluminum compound (c)] should be 
supported in an amount of approx. 10" 3 to 10~ 1 grams atom, preferably 2 x 10" 3 to 5 x 10" 2 grams atom, culculated as 
aluminum atom, per g of the fine particle carrier. It is also desirable that (b) should be supported in the amount of 1 0' 7 
to 0.1 grams atom, preferably 2 x 10" 7 to 3 x 10' 2 grams atom as boron atom in (b), per g of the fine particle carrier. 

30 [0131] The atactic poly-a-olefin polymers, specifically ethyl ene/a-olef in copolymers, more specifically ethylene/|Dro- 
pylene copolymers, of the present invention themselves may be used for various uses. They are also used in the form 
of compositions obtained by blending them with other thermoplastic resins, such as crystalline polypropylene, crystal- 
line polybutene, crystalline 4-methyM -pentene polymer, polyethylene terephthalate. polyamide and polycarbonate. 
Such blending will improve the impact resistance, flexibility and other properties of those thermoplastic resins. 

35 [01 32] Particularly, the atactic a-olef in polymers of the present invention, especially a composition comprising 5 to 80 
wt% of an ethylene/propylene copolymer, 10 to 80 wt% of a crystalline polypropylene polymer and, as required, 10 to 
80 wt% of an elastomer has especially excellent rigidity, heat resistance and impact resistance. 
[01 33] These compositions of the poly-a-olefin polymers may be obtained by solution-blending, dry blending such as 
melt-blending or multi-stage polymerization such as parallel polymerization and consecutive polymerization. 

40 [0134] In this case, it is possible to manufacture the aforementioned compositions of the poly-a-olefin polymers by 
polymerizing olefins in one stage or in not less than 2 stages by using at least two different catalysts. 
[01 35] It is desirable to use for such at least two catalysts a combination of at least one catalyst selected from between 
the a-olef in polymerization catalyst (1) mentioned below and the a-olef in polymerization catalyst (2) mentioned below 
and at least one catalyst selected from between the a-olef in polymerization catalyst (3) mentioned below and the a-ole- 

45 fin polymerization catalyst (4) mentioned below. 

[0136] Next, a method for manufacturing compositions based on the aforementioned polyolefins by using not less 
than two catalysts, taking the case of a propylene polymer as an example. 

[0137] Olefin polymers such a polypropylene polymer are used for a wide range of uses because of their excellent 
rigidity, heat resistance, impact resistance and other properties. 
so [01 38] As a method for further improving the flexibility and impact strength of such olefin polymers, a method for man- 
ufacturing block copolymer by copolymerizing propylene and ethylene after homopolymerizing propylene, for example, 
is known. 

[01 39] As a method for further increasing the impact strength of the olefin polymers, blending elastomers to polypro- 
pylene is also known. 

55 [0140] However, since such block copolymer and polypropylene with which elastomer is blended has inferior optical 
properties such as transparency, range of uses has been limited. 

[0141] Moreover, blending atactic polypropylene with polypropylene to improve the properties of polypropylene is 
described in Laid-open Patent HE I 6-263934, for example. 
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[0142] In recent years, there has been an increasingly severer demand for the physical properties of olefin polymers 
such as polypropylene, and it is desired that those olefin polymer compositions which have much better properties will 
come into existence. 

[0143] The use of propylene-based atactic copolymer of the present invention enables olefin polymer compositions 
5 to develop various elastic moduli as well as gain excellent optical properties, mechanical properties and scratch resist- 
ance. 

[0144] Examples of such propylene-based atactic copolymer include copolymers such as ethylene/propylene copol- 
ymer and propylene/1 -butene copolymer and terpolymers such as ethyl ene/propylene/1-butene copolymer, ethyl- 
ene/fc>ropylene/3-methyl-l-butene and ethylene/frropylene/nonconjugated diene. 
10 [0145] Out of the aforementioned propylene-based atactic copolymers, ethylene/propylene copolymer and ethyl- 
ene/propylene/1 -butene copolymer are preferable. 

[0146] It is also possible to use a combination of not less than two of the aforementioned propylene-based atactic 
copolymers and a combination of one such propylene-based atactic copolymer and another a -olefin copolymer. 
[0147] In addition, stabilizers, inorganic fillers, crystalline nucleating agents, lubricants, plasticizers, pigments, etc. 
is may be added to the aforementioned propylene-based atactic copolymers as required. 

[0148] In using these propylene-based atactic copolymers, their propylene content may preferably be preferably 20 to 
99wt%. 

[0149] As another a-olefin copolymer, polymers using an olefin having 2 to 10 carbon atoms as the main component 
are preferable, and especially polymers using ethylene or propylene as the main component are more preferable. 
20 [0150] The intrinsic viscosity fa] of the aforementioned propylene-based atactic copolymers may preferably be in a 
range of 0.5 to 1 0 dl/g, more preferably 1 .0 to 8.0 dl/g. 

[0151] Furthermore, the degree of crystallinity of these polymers may preferably be not more than 5%. Moreover it is 
desirable that the iodine value is not more than 16. 

[0152] The aforementioned propylene-based atactic copolymers may be grafted with aromatic vinyl or vinylsilane 
25 compound, unsaturated carboxylic acid, unsaturated carboxylic acid ester and unsaturated acid anhydride. 

[0153] For example, in blending the aforementioned propylene-based atactic copolymers with isotactic polypropylene, 

the blending ratio of isotactic polypropylene to propylene atactic copolymer is preferably 1 to 95 wt%/5 to 99 wt%, and 

1 to 30 wt% of another a-olefin copolymer and 0.01 to 2 wt% of an additive may be added as required. 

[0154] Below are given examples of process for preparing a blend of the aforementioned polypropylene and propyl- 
30 ene-based atactic copolymer. 

[0155] A method in which polypropylene, propylene-based atactic polymer and as required an a-olefin copolymer 

other than the aforementioned materials are melted and mixed. 

[0156] A method in which after an isotactic propylene polymer and a propylene-based atactic copolymer are melted 
and mixed, the resultant composition is melted and mixed with an a-olefin copolymer other than the aforementioned 
35 materials. 

[0157] A method in which an isotactic propylene copolymer and a propylene-based atactic copolymer are manufac- 
tured by polymerizing olefins including propylene in the presence of at least two types of catalyst by a one-step or not 
less than two-step polymerization process and the resultant composition is melted and mixed with an a-olefin copoly- 
mer other than the aforementioned materials. 

40 [01 58] The propylene-based atactic copolymers of the present invention, singly by themselves and in the form of com- 
positions with other thermoplastic resins such as crystalline polyolef in resin, can be processed easily into desired forms 
by various methods such as injection-molding, calendering and extrusion. They can be used for a broader range of uses 
than before, including the housings of household electric appliances, film or sheet applications, transparent container 
applications such as infusion solution bags and small bottles, interior automotive trim applications, exterior automotive 

45 trim applications such as bumper side moles and sundry goods applications. 

[0159] The compositions containing 1 0 to 95 wt%, preferably 20 to 85 wt%, more preferably 30 to 50 wt%, of an iso- 
tactic crystalline polyolef in such as isotactic polypropylene and as required 10 to 80 wt% of elastomer as well as 5 to 
90 wt%, preferably 15 to 80 wt%, more preferably 50 to 80 wt%, of the aforementioned atactic poly-a-olefin polymer can 
be manufactured by polymerizing a-olefin monomers in the presence of at least two types of catalysts. 

so [0160] As examples of the method for preparing such olefin polymer compositions, the following methods can be 
cited: 

© Method in which atactic poly-a-olefin polymer and crystalline olefin polymer are melted and mixed. 
© Method in which an atactic poly-a-olefin polymer and crystalline isotactic olefin polymer are manufactured by 
55 polymerizing a -olefins such as propylene in the presence of at least two types of catalyst by a one-stage or not less 
than two-stage polymerization process to prepare an olefin polymer composition. 

[0161] The method conventionally known to the public may be used widely as the melting and mixing method 
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described in the above method ®. As the melting and mixing equipment, mixing rolls and intensive mixers, such as a 
Banbury mixer, kneader and single-screw mixer and twin-screw mixer, may be used. 

[0162] It is desirable that the melting and mixing should be carried out normally at 150 to 280°C, preferably 170 to 
240°C, normally for 1 to 20 min., preferably 1 to 10 min. 

[0163] After the melting and mixing operation, the composition is normally obtained in the form of pellets. 
[0164] As an example of such manufacturing method described in above ® . there is a method for manufacturing 
poly-a-olef in polymer compositions wherein the aforementioned at least two catalysts are at least one catalyst selected 
from between the a-olefin polymerization catalyst (1) mentioned below and the a -olefin polymerization catalyst (2) men- 
tioned below and at least one catalyst selected from between the a-olefin polymerization catalyst (3) mentioned below 
and the a-olefin polymerization catalyst (4) mentioned below. 
[01 65] Olefin polymerization catalyst (1 ) : 
A catalyst comprising: 

(A) A racemic form of a transition metal compound (A-1) represented by the aforementioned following formula (II). 
15 (B) 

(B-1) An organic aluminumoxy compound and/or 

(B-2) a compound (B 1 -2) which reacts with the aforementioned transition metal compound (A-1) to form an ion 
pair; and as required; and 

20 

(C) an organoaluminum compound. 

[01 66] Olefin polymerization catalyst (2) : 
A catalyst comprising: 

(A) Solid-state titanium catalyst component (T) containing magnesium, titanium, halogen and an electron donor as 
the essential components, 

(B) Organometallic catalyst component (Q), and 

(C) Silicon compound (S) represented by the following formula (i) or a compound (E) having not less than 2 ether 
linkages existing via two or more atoms: 

Rp n -Si-(ORq) 4 . n 0) 

(wherein n is 1 , 2 or 3; when n is 1 , Rp stands for a secondary or tertiary hydrocarbon group; when n is 2 or 3, at 
35 least 1 of Rp's stands for a secondary or tertiary hydrocarbon group, with the rest of Rp's being hydrocarbon 
groups, and two or more Rp's may be the same or different; Rq is a hydrocarbon group having 1 to 4 carbon atoms, 
and when 4-n is 2 or 3, Rq may be the same or different.) 

[0167] Olefin polymerization catalyst (3): 
40 A catalyst comprising: 

(A) A meso form of a transition metal compound (A-2) represented by the aforementioned formula (I); 
(B) 

45 (B-1 ) An organic aluminumoxy compound or 

(B-2) A compound (B 2 -2) which reacts with the aforementioned transition metal compound (A) to form an ion 
pair; 

and as required, 
so (C) An organoaluminum compound. 

[01 68] Olefin polymerization catalyst (4) : 
A catalyst comprising: 

55 (A) A transition metal compound (A-3)represented by the aforementioned formula (III), 
(B) 

(B-1) An organic aluminumoxy compound or 
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(B-2) A compound (B 3 -2) which reacts with the aforementioned transition metal compound (A-3) to form an ion 
pair; and as required, 

(C) An organoaluminum compound. 

5 

[0169] More specifically, olefin polymerization catalyst (1) is a racemic form of a transition metal compound repre- 
sented by the aforementioned formula(ll). 

[0170] In these catalysts, examples of (C)an organoaluminum compound are same as those of the aforementioned 
an organoaluminum compound(c). 
10 [0171] Olefin polymerization catalyst (2) consists of: 

(A) Solid-state titanium catalyst component (T) containing magnesium, titanium, halogen and an electron donor as 
the essential components; 

(B) Organometallic catalyst component (M); and 

is (C) Silicon compound (S) represented by the following formula (0 or a compound (E) having not less than 2 ether 
linkages existing via two or more atoms: 

Rpn-Si-(ORq)4-n (i) 

20 [0172] The solid titanium catalyst component (T). which is the catalyst component (A) can be prepared by bringing a 
magnesium compound, titanium compound and electron donor as mentioned below into contact with one another. 
[0173] As a specific example of the titanium compound used in the preparation of the solid titanium catalyst compo- 
nent (T), the quadrivalent titanium compound represented by the following formula: 

25 Ti(OR)nX4-n 

(wherein R stands for a hydrocarbon group, X stands for halogen atom, and n is 0^n^4.) 

[0174] Specific examples of such titanium compound include titanium tetrahalides such as TiCI 4 , TiBr 4 and Til 4 ; alkox- 
ytitanium trihalides such as Ti(OCH 3 )CI 3 . Ti(OC 2 H 5 )Cl3, Ti(On-C 4 H 9 )CI 3 , Ti(OC 2 H 5 )Br 3 and Ti(Oiso-C 4 H 9 )Br 3 ; dialkox- 
30 ytitanium dihalides such as Ti(OCH 3 ) 2 Cl2, TiCOC^H^C^, and Ti(On-C 4 H 9 ) 2 Cl2 and Ti(OC2H 6 ) 2 Br 2 ; trial koxytitanium 
monohalides such as Ti(OCH 3 ) 3 CI. Ti(OC 2 H 5 ) 3 CI, Ti(On-C 4 H 9 ) 3 CI and Ti(OC 2 Hs)3Br; tetraalkoxy titaniums such as 
Ti(OCH 3 ) 4 , Ti(OC 2 H5) 4 , Ti(On-C 4 H 9 ) 4 , and Ti(Oiso-C 4 H 9 ) 4 and Ti(0-2-ethylhexyl) 4 . 

[0175] Out of these, a halogen-containing titanium compound is preferable; titanium tetrahalide is more preferable; 
and titanium tetrachloride is especially preferable. These titanium compounds may be used singly or in combination 
35 with not less than two of them. Furthermore, these titanium compounds may be diluted in a hydrocarbon compound or 
a halogenated hydrocarbon compound. 

[0176] As examples of the magnesium compound used in the preparation of the solid titanium catalyst component 
(T), a magnesium compound having reducing ability and a magnesium compound not having reducing ability. 
[0177] Examples of such magnesium compound having reducing ability include include magnesium compounds hav- 
40 ing a magnesium-carbon bond or magnesium-hydrogen bond. Examples of the magnesium compound having reducing 
ability include dimethylmagnesium, diethyimagnesium, dipropylmagnesium, dibutylmagnesium, diamylmagnesium, 
dihexylmagnesium, didecylmagnesium, ethylmagnesium chloride, propylmagnesium chloride, butylmagnesium chlo- 
ride, hexylmagnesium chloride, amylmagnesium chloride, butylethoxymagnesium, ethylbutylmagnesium and butytmag- 
nesiuim hydride. 

45 [0178] These magnesium compounds may be used singly or in the form of a complex compound formed with an orga- 
nometallic compound described below. Furthermore, these magnesium compounds may be a liquid or a solid or may 
be derived by reacting metal magnesium with a corresponding compound. Moreover, they can be derived from metal 
magnesium by using the aforementioned method in the course of preparing the catalyst. 

[0179] Examples of the magnesium compound not having reducing ability include magnesium halides such as mag- 
so nesium chloride, magnesium bromide, magnesium iodide, magnesium fluoride; alkoxymagnesium halides such as 
methoxymagnesium chloride, ethoxymagnesium chloride, isopropoxymagnesium chloride, butoxymagnesium chloride 
and octoxy magnesium chloride; aryloxymagnesium halides such as phenoxymagnesium chloride and methylphenoxy- 
magnesium chloride; alkoxymagnesium such as ethoxymagnesium, isopropoxymagnesium, butoxymagnesium, n- 
octoxy magnesium and 2-ethylhexoxymagnesium; aryloxymagnesiums such as phenoxymagnesium and dimethylphe- 
55 noxymagnesium; magnesium carbonates such as magnesium laurate and magnesium stearate. 

[0180] These magnesium compound not having reducing ability may be a compound derived from the aforemen- 
tioned magnesium compound having reducing ability or a compound derived in the course of preparing the catalyst 
component. The derivation of the magnesium compound not having reducing ability from the magnesium compound 
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having reducing ability can be accomplished, for example, by bringing magnesium compound having reducing ability 
into contact with halogen, polysiloxane compound, halogen-containing silane compound, halogen-containing aluminum 
compound, or compounds having active carbon-oxygen bonds such as alcohol, ester, ketone and aldehyde. 
[0181] Further, in the present invention, the magnesium compound may be not only a magnesium compound having 
reducing ability or a magnesium compound not having reducing ability but also a complex compound of the aforemen- 
tioned magnesium compound and another metal, a composite compound or a mixture of the magnesium compound 
with another metal comound. Furthermore, a combination of not less than two of the aforementioned compounds may 
be used. 

[0182] As the magnesium compound used in the preparation of the solid titanium catalyst component (T), many mag- 
nesium compounds in addition to the aforementioned ones may be used However, it is desirable that such magnesium 
compound should take the form of a halogen-containing magnesium compound in the solid titanium catalyst component 
(T) finally obtained. Consequently, it is desirable in the case of using a magnesium compound not containing halogen 
that it should be brought into contact for reaction with a halogen-containing compound in the course of the preparation. 
[0183] Out of the aforementioned magnesium compounds, magnesium compounds not having reducing ability are 
preferable; halogen-containing magnesium compounds are more preferable; and magnesium chloride, alkoxy magne- 
sium chloride and aryroxymagnesium chloride are especially preferable. 

[0184] The solid titanium catalyst component (T) used in the present invention is formed by bringing such magnesium 
compound and the titanium compound and electron donor as mentioned above into contact with one another. 
[0185] Specific examples of the electron donor used in the preparation of solid titanium catalyst component (T) 
include the following compounds: Amines such as methylamine, ethylamine, dimethylamine, diethylamine. ethylenedi- 
amine, tetramethylenediamine, hexamethylenediamine, tributylamine and tribenzylamine; pyrroles such as pyrrole, 
methylpynrole and dimethylpyrrole; pyrroline: pyrrolidine; pyridines such as, indol, pyridine, methylpyridine, ethylpyrid- 
ine, propylpyridine. dimethylpyridine, ethylmethylpyridine, trimethylpyridine, phenylpyridine, benzylpyridine and chloro- 
pyridine; nitrogen-containing cyclic compounds such as piperidines, quinolines and isoquinolines; oxygen-containing 
cyclic compounds such as tetrahydrofuran, 1 ,4-cineoi, 1 ,8-cineol, pynolfuran, m ethyl fu ran, dimethylfuran, diphenyl- 
furan, benzofuran, cumaran, phthalan, tetrahydropyran, pyran and ditedropyran ;alcohols containing 1 to 18 carbon 
atoms such as methanol, ethanol, propanol, pentanol, hexanol, octanol, 2-ethylhexanol, dodecanol, octadecy alcohol, 
oleyl alcohol, benzyl alcohol, phenyl ethyl alcohol, cumyl alcohol, i sop ropy! alcohol and isopropylbenzyl alcohol; phenols 
having 6 to 20 carbon atoms, which may contain lower alkyl groups, such as phenol, cresol, xylenol, ethylphenol, pro- 
pylphenol, nonylphenol, cumylphenol and naphthol; ketones having 3 to 15 carbon atoms such as aceton, methylethyl- 
ketone, m ethyl isobutylketone, acetophenone, benzophenone, acetylacetone and benzoquinone; aldehydes having 2 to 
15 carbon atoms such as acetoaldehyde, propyonaldehyde, octylaldehyde, benzaldehyde, tolualdehyde and naphthal- 
dehyde; organic acid esters having 2 to 30 carbon atoms such as methyl formate, methyl acetate, ethyl acetate, vinyl 
acetate, propyl acetate, octyl acetate, cyclohexyl acetate, ethyl propionate, methyl butyrate. ethyl valerate, methyl chlo- 
roacetate, ethyl dichloroacetate, methyl methacrylate, ethyl crotonate, ethyl cyclohexanecaboxylate, methyl benzoate, 
ethyl benzoate, propyl benzoate, butyl benaoate, octyl benzoate, cyclohexyl benzoate, phenyl benzoate, benzyl ben- 
zoate, methyl toluate, ethyl toluate, amyl toluate, ethyl ethylbenzoate, methyl anisate. n-butyl maleate. diisobutyl meth- 
ylmalonate, di-n-hexyl cyclohexanecarboxylate, diethyl nadiate, diisopropyl tetrahydrophthalate, diethyl phthalate, 
diisobutyl phthalate. di-n-butyl phthalate. di-2-ethylhexyl phthalate, y-butyrolactone, 5-valerolactone. cumarine, phthal- 
ide and ethyl carbonate; acid halides having 2 to 15 carbon atoms such as acetyl chloride, benzoyl chloride, toluyl chlo- 
ride and anisic acid chloride; ethers having 2 to 20 carbon atoms such as methyl ether, ethyl ether, isopropyl ether, butyl 
ether, amyl ether, anisol and diphenyl ether epoxy-p-menthane; diethers such as 2-isopentyl-2-isopropyl-1 ,3-dimethox- 
ypropane, 2, 2 -diisobutyl- 1,3-dimethoxypropane, 2,2-diisopropyM,3*dimethoxypropane, 2-cyclohexylmethyl-2-isopro- 
pyl-1,3-dimethoxypropane, 2 ,2-diisoperrtyl- 1,3-dimethoxypropane, 2-isobutyl-2-isopropyl- 1,3-dimethoxypropane, 2- 
cyclohexyl-2-isopropyl-1 ,3-dimethoxypropane, 2-cyclopentyl-2-isopropyl-1 ,3-dimethoxypropane, 2,2<licyclopentyl-1 ,3- 
dimethoxypropane. 1 ,2-bis-methoxymethyl-bicyclo-[2,2,1]-heptane, diphenyldimethoxysilane, isopropyl-t-butyldimeth- 
oxysilane. 2,2-diisobutyM,3-demethoxycyclohexane, 2-isopentyl-2-isopropyl-1,3*dimethoxycyclohexane and 9,9- 
dimethoxymethylf luorene; acid amides such as acetic amide, benzoic amide and toluamide; nitriles such as acetonitrile, 
benzonitrile and tolunitrile; acid anhydrides such as acetic anhydride, phtharic anhydride and benzoic anhydride. 
[0186] In addition to these, water, anion, cation and non-ion surfactants may be used. 

[0187] Further, as a preferable example of the organic acid ester, multivalent carboxylic acid ester having the skeleton 
represented by the following general formula can be cited: 
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R I3 -C-COOR" 



R» ( 



COOR" 



R ,4 -C-COOR 12 , 




COOR" 



R^-C-COOR 1 



R ,4 -C-COOR' 



[0188] In the above formula, R 11 stands for a substituted or non-substituted hydrocarbon group; R 12 , R 15 and R 16 
stand for hydrogen or a substituted or non-substituted hydrocarbon group; and R 13 and R 14 stand for hydrogen or a 
substituted or non-substituted hydrocarbon group, preferably at least one of them being a substituted or non-substituted 
hydrocarbon group. Further, R 13 and R 14 may be connected to form a ring structure. The substituent group in the case 
of the hydrocarbon groups R 11 to R 16 being substituted contains hetero atoms such as N, O and S and has groups such 
as C-O-C, COOR, COOH, OH, S0 3 H, -C-N-C- and NH 2 , for example. 

[0189] Specific examples of such multivalent carboxyiic acid ester include aliphatic polycarboxylic acid esters such as 
diethyl succinate, dibutyl succinate, diethyl methylsuccinate, diisobutyl a-methylglutarate, diethyl methylmalonate, die- 
thyl ethylmalonate, diethyl isopropyimalonate, diethyl butylmalonate, diethyl phenylmalonate, diethyl diethylmalonate, 
diethyl dibutylmalonate, monooctyl maleate, dioctyl maleate, dibutyl maleate, dibutyl butylmaleate, diethyl butylmaleate, 
diisopropyl p-methylglutarate, diallyl ethylsuccinate, 2-ethylhexyl fumarate, diethyl itaconate and dioctyl citraconate; ali- 
cycliic polycarboxylic acid esters such as diethyl 1 ,2-cyclohexane caboxylate, diisobutyl 1 ,2-cyclohexane caboxylate, 
dithyl tetrahydrophthalate and diethyl nadiate; aromatic polycaboxylic acid esters such as monoethyl phthalate, dime- 
thyl phthalate, methylethyl phthalate, monoisobutyl phthalate, diethyl phthalate, ethylisobutyl phthalate, di-n-propyl 
phthalate, diisopropyl phthalate, di-n-butyl phthalate, diisobutyl phthalate, di-n-heptyl phthalate. di-2-ethylhexyl phtha- 
late, di-n-octyl phthalate, dineopentyl phthalate, didecyl phthalate, benzylbutyl phthalate, diphenyl phthalate, diethyl 
naphthalenedicarboxylate, dibutyl naphthalenedicarboxylate, triethyl trimellitate and dibutyl trimellitate; and esters of 
heterocyclic polycarboxylic acids such as 3,4-furandicarboxylic acid. 

[01 90] Other examples of such multivalent carboxyiic acid ester include esters of long-chain dicarboxylic acid such as 
diethyl adipate, diisobutyl adipate, diisopropyl sebacate, di-n-butyl sebacate, di-n-octyl sebacate and di-2-ethylhexyl 
sebacate. 

[0191] Moreover, as the electron donor, silicon compounds represented by the general formula (i) described below 
can also be used. 

[0192] These compounds may also be used in a combination of not less than two of them. 

[0193] Further, in bringing such titanium compound, magnesium compound and electron donor into contact with one 
another, the solid titanium catalyst component (a) supported on a carrier may be prepared by using the following carrier 
compounds. 

[0194] As examples of such carrier compounds, resins such as Al 2 0 3 , Si0 2 , B2O3, MgO, CaO, Ti0 2 , ZnO, Zn0 2 , 
Sn0 2 . BaO, ThO and styrene-divinyl benzene copolymers can be cited. Out of these carrier compounds, Si0 2 , Al 2 0 3 , 
MgO, ZnO and Zn0 2 can be cited as preferable examples. 

[0195] Further, the aforementioned component may be brought into contact in the presence of other reaction agents 
such as silicon, phosphor and aluminum. 

[0196] As for the method for manufacturing the solid titanium catalyst component (a), it is possible to manufacture it, 
for example, by bringing the titanium compound, magnesium compound and electron donor as mentioned above into 
contact, and all methods including the ones known to the public may be used. 

[0197] Several specific methods for manufacturing the solid titanium catalyst component (a) are described briefly 
below 

(1) Method in which a solution comprising a magnesium compound, electron donor and hydrocarbon solvent reacts 
with an organometallic compound to precipitate a solid, and while the solid is being precipitated or after the solid is 
precipitated, the solid is made to contact and react with a titanium compound. 

(2) Method in which after a complex comprising a magnesium compound and an electron donor contact and react 
with an organometallic compound, they are made to contact and react with a titanium compound. 
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(3) Method in which a material obtained by cotacting an inorganic carrier and an organic magnesium compound is 
made to contact and react with a titanium compound and preferably with an electron donor. In this case, such mate- 
rial may contact and react with a halogen-containing compound and/or an organometallic compound in advance. 

(4) Method in which a magnesium compound supported on an inorganic or organic carrier is first obtained from a 
mixture of an inorganic or organic carrier and a solution containing a magnesium compound, an electron donor and 
as optional a hydrocarbon solvent, and then is made to contact with a titanium compound. 

(5) Method in which an inorganic or organic carrier and a solution containing a magnesium compound, a titanium 
compound, an electron donor and as optional a hydrocarbon solvent are brought into contact to obtain a solid tita- 
nium catalyst component on which magnesium and titanium are supported. 

(6) Method in which an organomagnesium compound in a liquid state is made to contact and react with a halogen- 
containing titanium compound. In this method, an electron donor is used at least once. 

(7) Method in which after an organic magnesium compound in a liquid state is made to contact and react with a 
halogen-containing titanium compound, they are brought into contact with a titanium compound. In this method, an 
electron donor is used at least once. 

(8) Method in which an alkoxy group-containing magnesium compound is made to contact and react with a halo- 
gen-containing titanium compound. In this method, an electron donor is used at least once. 

(9) Method in which a complex comprising an alkoxy group-containing magnesium compound and an electron 
donor is made to contact and react with a titanium compound. 

(10) Method in which after a complex comprising an alkoxy group-containing magnesium compound and an elec- 
tron donor is made to contact and react with an organometallic compound, and then with a titanium compound. 

(11) Method in which a magnesium compound, an electron donor and a titanium compound are made to contact 
and react with one another in an arbitrary order. Before this reaction, each of the components may be preliminary 
treated by a reaction co-agent such as an electron donor and/or an organometallic compound and a halogen-con- 
taining silicon compound. Further, through this method, it is preferable to use the aforementioned electron donor at 
least once. 

(12) Method in which a liquid-state magnesium compound not having reducing ability and a liquid-state titanium 
compound are made to react with each other preferably in the presence of an electron donor to precipitate a solid- 
state magnesium • titanium composite. 

(13) Method in which the reaction product obtained by method (12) is further made to react with a titanium com- 
pound. 

(14) Method in which the reaction product obtained by method (1 1) or (12) is further made to react with an electron 
donor and a titanium compound. 

(15) Method in which the solid-state material obtained by grinding a magnesium compound, preferably an electron 
donor and a titanium compound is treated with any of halogen, a halogenated compound and an aromatic hydro- 
carbon. This method may include a step of grinding either an magnesium compound alone, or a complex com- 
pound comprising a magnesium compound and an electron donor, or a magnesium compound and a titanium 
compound. Furthermore, after the grinding, the ground product may be pretreated with an reaction co-agent, and 
then with halogen, for example. As an example of the reaction co-agent, an organometallic compound and a halo- 
gen-containing silicon compound can be cited. 

(16) Method in which after a magnesium compound is ground, the ground product is made to contact and react with 
a titanium compound. In this case, K is preferable to use an electron donor or a reaction co-agent at the time of 
grinding and/or contact/reaction. 

(17) Method in which a compound obtained by methods (11) to (16) above are treated with halogen or a halogen 
compound or an aromatic hydrocarbon. 

(18) Method in which the product of the contact/reaction of a metallic oxide, organic magnesium and a halogen- 
containing compound is brought into contact preferably with an electron donor and a titanium compound. 

(19) Method in which a magnesium compound such as magnesium salt of organic acid, alkoxymagnesium and ary- 
loxymagnesium is made to react with titanium compound and/or a halogen -containing hydrocarbon and preferably 
an electron donor. 

(20) Method in which a hydrocarbon solution containing at least a magnesium compound and alkoxytitanium are 
brought into contact with a titanium compound and/or an electron donor. It is preferable that this is carried out in the 
presence of a halogen-containing compound such as a halogen-containing silicon compound. 

(21) Method in which a liquid-state magnesium compound not having reducing ability and an organometallic com- 
pound are reacted to precipitate a solid-state magnesium • metal (aluminum) composite, and the composite is 
made to react with an electron donor and a titanium compound. 

[0198] The amount of each of the aforementioned components used in the preparation of the solid titanium catalyst 
component (a) differs with manufacturing method and cannot be specified unconditionally. However, an electron donor 
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is used in an amount of 0.01 to 10 mol, preferably 0.1 to 5 mol, and a titanium compound is used in an amount of 0.01 
to 1 ,000 mol, preferably 0. 1 to 200 mol, per mol of the magnesium compound, for example. 

[0199] The solid titanium catalyst component (T) thus obtained contains magnesium, titanium and an electron donor 
as the essential components. 

[0200] In this solid titanium catalyst component (T), it is desirable that halogen/titanium (atomic ratio) should be in a 
range of approx. 2 to 200, preferably approx. 4 to 100, the aforementioned electron donor/titanium (molar ratio) should 
be in a range of approx. 0.01 to 100, preferably approx. 0.2 to 10, and magnesium/titanium (atomic ratio) should be in 
a range of approx. 1 to 100, preferably approx. 2 to 50. 

[0201 ] Such solid titanium catalyst component (T) [catalyst component (A)] can be used in polymerization as the pre- 
polymerized catalyst component(T) which is obtained by prepoIymerizing(preliminary polymerizing) of olefins in the 
presence of the solid titanium catalyst component (T) and the organometallic catalyst component (q) mentioned below. 
[0202] As the organometallic catalyst component (q) used in the preparation of the prepolymerized catalyst compo- 
nent(T), the organometallic compound of the metals in the Group I to III of the periodic table are used, and specifically 
the following compounds are used. 

(q-1) The same organic aluminumoxy compound as the aforementioned organic aluminumoxy compound (B-1) and 
the same organoaluminum compound as the aforementioned organoaluminum compound (c). 
(q-2) A complex alkyl compound of a metal in the Group I of the periodic table and aluminum which is represented 
by the following formula: 

M3AIR 17 4 

(wherein M3 stands for Li, Na and K, R 17 is a hydrocarbon group having normally 1 to 15, preferably 1 to 4, carbon 
atoms.) 

(q-3) A dialkyl compound of a metal in the Group II or III of the periodic table represented by the following formula: 

R 17 R 18 M4 

(wherein M4 stands for Mg, Zn or Cd, R 17 is the same as described above, and R 18 stands for a hydrocarbon group 
having normally 1 to 15, preferably 1 to 4, carbon atoms.) 

[0203] Out of these an organoaluminum compound is preferably used. 

[0204] Examples of the olefins used in the preparation of the prepolymerized catalyst component(T) include linear 
olefins such as ethylene, propylene, 1-butene, 1-pentene, 1-hexene, 1-octene, 1-decene, 1-dodecene, 1 -tetradecene, 
1 -hexadecene, 1-octadecene and 1-eicosene; branched olefins such as 3-methyl- 1-butene, 3-methyl-1-pentene, 3- 
ethyl- 1-pentene, 4-methyl- 1-pentene, 4-methyl- 1-hexene, 4,4-dimethyM-hexene, 4,4, -dimethyl -1-pentene, 4-ethyl-1- 
hexene, 3-ethyl- 1-hexene, allyl naphthalene, allyl norbornane, styrene, dimethylstyrenes, vinylnaphthalene, allyl tolu- 
ene, allylbenzene, vinylcyclohexane, vinylcyclopentane, vinylcycloheptane and allyltrialkylsilanes. 
[0205] In the prepolymerization, a considerably higher concentration of a catalyst than that of the catalyst in the sys- 
tem in the main polymerization may be used. 

[0206] It is desirable that the concentration of the solid titanium catalyst component (T) in preliminary polymerization 
should be in a range of normally approx. 0.01 to 200 millimols, preferably approx. 0.05 to 100 millimols as titanium atom 
per liter of the inert hydrocarbon medium mentioned below. 

[0207] The organometallic catalyst component (q) should only be used in the amount that 0. 1 to 1 ,000 g, preferably 
0.3 to 500 g, of a polymer can be formed per g of the solid titanium catalyst component (T), and it is desirable that the 
amount of the organometallic catalyst component (q) should be in a range of normally approx. 0.1 to 100 millimols, pref- 
erably approx. 0.5 to 50 millimols, per mol of the titanium atom in the solid titanium catalyst component (a). 
[0208] Furthermore, in carrying out prepolymerization, an electron donor (e) may be used in addition to the solid tita- 
nium catalyst component (T) and the organometallic catalyst component (b). Specific examples of this electron donor 
(e) include the electron donor mentioned above which is used in the preparation of the solid titanium catalyst compo- 
nent (T), the silicon compound (S) which is represented by the formula (i) shown below, a compound (E) having not less 
than two ether bonds existing via not less than two atoms, and the organic silicon compound represented by the follow- 
ing formula (c-i): 

Rn-SKORVn (c-0 
(wherein R and R' stand for a hydrocarbon group, and n is 0<n<4.) 

[0209] Specific examples of such organic silicon compounds represented by the general formula (c-i) include trimeth- 
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ylmethoxysilane, trimethylethoxysilane, dimethyldimethoxysilane, dimethyldiethoxysilane, diisopropyldimethoxysilane, 
diphenyldimethoxysilane, phenylmethyidimethoxysiilane. diphenyldiethoxysilane, bis o-tolyldimethoxysilane, bis m- 
tolyldimethoxysilane, bis p-tolyldimethoxysilane, bis p-tolyldiethoxysilane, bisethyphenyl dimethoxysilane, ethyltrimeth- 
oxysilane, ethyltriethoxysilane, vinyltriethoxysilane, methyltrimethoxysilane, n-propyltriethoxysilane, decyltrimethoxysi- 
lane, decyltriethoxysilane, phenyltrimethoxysilane. y-chloropropyltrimethoxysilane, methyrtriethoxysilane. 
ethyltriethoxysilane, vinyltriethoxysilane, n-butyltriethoxysilane, phenyltriethoxysilane, y-aminopropyrtriethoxysilane, 
chlorotriethoxysilane, ethyltriisopropoxysilane, vinyltributoxysilane, ethylsilicate, butylsilicate, trimethyl phenoxy silane, 
methyltriallyloxysilane, vinyltris(p-methoxysilane), vinyltriacetoxysilane and dimethyltetraethoxydisilane. 
[021 OJ These electron donor (e) may be used singly or in combination with not less than two of them. 
(021 1 1 The electron donor (e) is used in an amount of 0.1 to 50 mol, preferably 0.5 to 30 mol, more preferably 1 to 20 
mol, per mol of the titanium atom in the solid titanium catalyst component (a). 

[0212] It is desirable that at the prepoiymerization, the aforementioned olefins and catalyst components are added to 
an inert hydrocarbon medium, and then polymerization should be conducted under mild conditions. 
[021 3] Specific examples of the inert hydrocarbon medium include aliphatic hydrocarbons such as propane, butane, 
pentane, hexane, heptane, octane, decane, dodecane and kerosene; alicyclic hydrocarbons such as cyclopentane, 
cyclohexane and methylcyclopentane; aromatic hydrocarbons such as benzene, toluene and xylene; and halogenated 
hydrocarbons such as ethylenechloride and chlorobenzene or products obtained by contacting one another. Out of 
these inert hydrocarbon media, it is especially preferable to use an aliphatic hydrocarbon. 

[021 4] The reaction temperature has only to be such temperature that the product formed by prepoiymerization does 
not dissolve practically in the inactive hydrocarbon medium and is in a range of normally approx. -20 to +100°C, prefer- 
ably approx. -20 to + 80°C, more preferably 0 to + 40°C. 

[0215] Further, in the prepoiymerization, a molecular weight modifier such as hydrogen may be used. It is desirable 
that such molecular weight modifier should be used in such amount that the intrinsic viscosity [r\\ of the polymer 
obtained by the prepoiymerization is not less than approx 0.2 dl/g, preferably approx. 0.5 to 10 dl/g, as measured in 
decalin at135°C. 

[021 6] It is desirable that the prepoiymerization should be conducted in such manner that approx. 0. 1 to 1 .000 g, pref- 
erably 0.3 to 500 g, of a polymer is formed per g of the solid titanium catalyst component (T). 
[0217] Such prepoiymerization may be conducted by the batch or continuous process. 

[021 8] The olefin polymerization catalyst (2) is composed of the aforementioned (A) solid-state titanium catalyst com- 
ponent (T) or prepolymerized catalyst(T), the (B) organometallic catalyst component(Q) and the (C) silicon compound 
(S) or a compound (E) having not less than two ether bonds existing via not less than two atoms. 
[021 9] As the organometallic catalyst component(Q), the same material as the organometallic catalyst component (q) 
used in the preparation of the aforementioned prepolymerized catalyst component(T) may be used. 
[0220] The silicon compound (S) used as the component (C) is a compound represented by the following formula (i): 

Rp n -Si-(ORq) 4 . n (i) 

(wherein n is 1 , 2 or 3; when n is 1 , Rp stands for a secondary or tertiary hydrocarbon group; when n is 2 or 3, at least 
1 of Rp's stands for a secondary or tertiary hydrocarbon group, with the rest of Rp's being hydrocarbon groups, and two 
or more Rp's may be the same or different; Rq is a hydrocarbon group having 1 to 4 carbon atoms, and when 4-n is 2 
or 3, Rq may be the same or different.) 

[0221] As examples of the secondary or tertiary hydrocarbon group in the silicon compound (c) represented by the 

above formula (i), a cyclopentyl group, a cyclopentenyl group, a cyclopentadienyl group, these groups having a substit- 

uent group, and a hydrocarbon group whose carbon adjacent to Si is secondary or tertiary can be cited. 

[0222] More specific examples can be cited as follows: Examples of substituted cyclopentyl group include cyclopentyl 

group 

containing alkyl group such as 2-methylcyclopentyl group, 3-methylcyclopentyl group, 2-ethylcylopentyl group, 2-n- 
butylcyclopentyl group, 2,3-dimethylcyclopentyl group. 2,4-dimethylcyclopentyl group, 2,5<Jimethylcyclopentyl group, 
2,3,4-trimethylcydoperrtyl group, 2,3,5-trimethylcyclopentyl group, 2,3,4-triethylcyclopentyl group, tetramethylcy- 
clopentyl group and tetraethylcyclopentyl; 

Examples of substituted cyclopentenyl group include cyclopentenyl group containing alkyl group such as 2-methylcy- 
clopentenyl group. 3-methylcyclopentenyl group. 2-ethylcylopentenyl group. 2-n-butylcyclopentenyl group, 2,3-dimeth- 
ylcyclopentenyl group, 2,4-dimethylcyclopentenyl group, 2,5-dimethylcyclopentenyl group. 2,3-diethylcyclopentenyl 
group, 2,3,4-trimethylcyclopentenyl group, 2,3,4-triethylcyclopentenyl group, tetramethylcyclopentenyl group and tetra- 
ethylcyclopentenyl group; 

Examples of substituted cyclopentadienyl groups include cyclopentadienyl groups containing alkyl groups such as 2- 
methylcyclopentadienyl group, 3-methylcyclopentadienyl group, 2-ethylcylopentadienyl group, 2-n-butylcyclopentadi- 
enyl group, 2,3-dimethylcyclopentadienyl group, 2.4-dimethylcyclopentadienyl group, 2.5-dimethylcyclopentadienyl 
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group. 2,3-diethylcyclopentadienyl group, 2,3,4-trimethylcyclopentadienyl group, 2,3,5-trimethylcyclopentadienyl group, 
2,3,4-triethylcyclopentadienyl group, 2,3,4,5-tetramethylcyclopentadienyl group, 2,3,4,5-tetraetrtylcyclopentadienyl 
group, 1,2,3,4,5-pentamethylcyclopentadienyl group and 1,2,3,4,5-pentaethylcyclopentadienyl group. 
[0223] Furthermore, as examples of a hydrocarbon group whose carbon adjacent to Si is a secondary carbon, an i- 
propyl group, an s-butyl group, an s-amyl group and an a-methyl benzyl group can be cited; and as examples of a hydro- 
carbon group whose carbon adjacent to Si is tertiary, a t-butyl group, a t-amyl group, an a, a' -dim ethyl benzyl group and 
an adamantyl group can be cited. 

[0224] Examples of the silicon compound (S) represented by the formula (i) wherein n is 1 include trialkoxysilanes 
such as cyclopentyltrimethoxysilane, 2-methylcyclopentyltrimethoxysilane, 2,3-dimethylcyclopentyltrimethoxysilane. 
cyclopentyltriethoxysilane, iso-butyltriethoxysilane, t-butyltriethoxysilane, cyclohexyltrimethoxysilane, cyclohexyttri- 
ethoxysilane, 2-norbomanetrimethoxysilane and 2-norbornanetriethoxysilane. 

[0225] Examples of the silicon compound (c) represented by the formula (i) wherein n is 2 include dialkoxysilanes 
such as dicyclopentyl diethoxysilane, t-butylmethyl dimethoxysilane, t-butylmethyl diethoxysilane, t-amylmethyl diethox- 
ysilane, dicyclohexyl dimethoxysilane, cyclohexylmethyl dimethoxysilane, cyclohexylmethyl diethoxysilane and 2-nor- 
bornanemethyl dimethoxysilane. 

[0226] In the case of the silicon compound (S) represented by the formula (i) wherein n is 2, the dimethoxy compound 
represented by the following formula (ii) is preferable: 

OCHs 

GO 




In the above formula, Rp and Rs stands each independently for a cyclopentyl group, a substituted cyclopentyl group, a 
cyclopentenyl group, a substituted cyciopentenyl group, a cyclopentadienyl group, a substituted cyclopentadienyl 
group, and a hydrocarbon group whose carbon adjacent to Si is secondary or tertiary. 

[0227] Examples of the silicon compound represented by the above (ii) include dicyclopentyl dimethoxysilane, dicy- 
clopentenyl dimethoxysilane, dicyclopentadienyl dimethoxysilane, di-t-butyl dimethoxysilane, di(2-methylcyclopentyl) 
dimethoxysilane, di (3 -methyl cyclopentyl) dimethoxysilane, di(2-ethyt cyclopentyl) dimethoxysilane, di(2 ,3 -dimethyl cy- 
clopentyl) dimethoxysilane, di(2,4-dimethylcyclopentyl) dimethoxysilane, di(2,5-dmiethylcyclopentyl) dimethoxysilane, 
di(2,3-diethylcyclopentyl) dimethoxysilane, di(2,3,4-trimethylcyclopentyl) dimethoxysilane, di(2,3.5-trimethylcy- 
clopentyi) dimethoxysilane, di(2,3,4-triethylcyclopentyl) dimethoxysilane, di(tetramethylcyclopentyl) dimethoxysilane, 
di(tetraethylcyclopentyl) dimethoxysilane, di(2-methylcyclopentenyl) dimethoxysilane, di(3-methylcyclopentenyl) 
dimethoxysilane, di(2-ethylcyclopentenyl) dimethoxysilane, di(2-n-butylcyclopentenyl) dimethoxysilane, di(2,3-dimeth- 
ylcyclopentenyl) dimethoxysilane, di(2,4-dimethylcyclopentenyl) dimethoxysilane, di(2,5-dimethylcyclopentenyi) 
dimethoxysilane, di(2,3,4-trimethylclopentenyl) di imethoxysilane, di(2,3,5-trimethylcyclopentenyl) dimethoxysilane, 
di(2,3,4-triethyicyclopentenyl) dimethoxysilane, di(tetramethylcyclopentenyl) dimethoxysilane, di(tetraethylcyclopente- 
nyl) dimethoxysilane, di(2-methylcyclopentadienyl) dimethoxysilane, di(3-methylcyclopentadienyl) dimethoxysilane, 
di(2-ethylcyclopentadienyl)dimethoxysilane, di(2-n-butylcyclopentadienyl) dimethoxysilane, di(2,3-dimethylcyclopenta- 
dienyl) dimethoxysilane, di(2,4-dimethylcyclopentadienyl)dimethoxysilane, di(2,5-dimethylcyclopentadienyl) dimethox- 
ysilane, di (2,3-diethylcyclopentadienyl) dimethoxysilane, di(2,3,4-trimethylcyclopentadienyl) dimethoxysilane, di (2,3,5- 
trimethylcycloperrtadienyl) dimethoxysilane, di (2,3,4-triethylcyclopentadienyl) dimethoxysilane, di(2,3,4.5-tetramethyl- 
cyclopentadienyl)dimethoxysilane, di(2,3,4,5-tetraethylcyclopentadienyI) dimethoxysilane, di(1 , 2,3,4, 5-pentamethylcy- 
clopentadienyl) dimethoxysilane, di(1,2,3,4,5-pentaethylcyclopentadienyl) imethoxysilane, di-t-amyl dimethoxysilane, 
difa.a'-dimethylbenzyl) dimethoxysilane, di(admantyl) dimethoxysilane, admantyl-t-butyl dimethoxysilane, cyclopentyl- 
t-butyl dimethoxysilane, diisopropyl dimethoxysilane, di-s-butyl dimethoxysilane, di-s-amyl dimethoxysilane and isopro- 
pyl-s-butyl dimethoxysilane. 

[0228] Examples of the silicon compound (S) represented by the formula (i) wherein n is 3 include monoalkoxysilanes 
such as tricydopentyl methoxysilane, tricyclopentyl ethoxysilane, dicyclopentylmethyl methoxysilane, dicyclopentyl e- 
thyl methoxysilane, dicyclopentyl methylethoxysilane, cyclopentyldimethyl methoxysilane, cyclopentyldiethyl methox- 
ysilane and cyclopentyldimethyl ethoxysilane. 

[0229] Out of these, dimethoxysilanes, particularly dimethoxysilane represented by the formula (ii), are preferable. 
Specifically, dicyclopentyldimethoxysilane, di-t-butyldimethoxysilane, di(2-methylcyclopentyl)dimethoxysilane, di(3- 
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methylcyclopentyl) dimethoxysilane and di-t-amyldimethoxysilane are preferable. 
[0230] These silicon compound (S) may be used in combination with not less than two of them. 
[0231] In the compound (E) having not less than two ether bonds existing via not less than two atoms which is used 
as the component (C) (hereinafter sometimes referred to as "polyether compound"), the atoms existing between these 
ether bonds is not less than one selected from a group consisting of carbon, silicon, oxygen, sulfur, phosphor and 
boron, and the number of the atoms is not less than two. Out of these, preferable examples are those having a relatively 
high-volume substituent group, specifically a substituent group having not less than two, preferably not less than three 
carbon atoms and the linear chain, branched or ring structure, more preferably a substituent group having the branched 
or ring structure, bonded between the ether bonds. Moreover, a compound having those atoms existing between not 
less than two ether bonds which contain not less than two, preferably 3 to 20, more preferably 3 to 10, especially pref- 
erably 3 to 7 carbon atoms. 

[0232] As examples of such polyether compound, the compounds represented by the following formula can be cited: 



R 22 R- 1 R* R 24 

II I 1 

R 21 -C-0-C -C-O-C-R* 

II II 
R 23 R 1 R- R 25 



[0233] In the above formula, n is a whole number of 2^n=i10; R 1 to R 26 stand for a substituent group having at least 
one selected from among carbon, hydrogen, oxygen, halogen, nitrogen, sulfur, phosphor, boron and silicon; any of R 1 
to R 26 , preferably R 1 to R 2n , may form jointly a ring other than the benzene ring; and an atom other than carbon atom 
may be contained in the main chain. 

[0234] Specific examples of such polyether compound include 2-(2-ethylhexyl)-1 ,3-dimethoxy propane, 2-isopropyl- 
1 ,3-dimethoxy propane, 2-butyl-1 ,3-dimethoxy propane, 2-cyclohexyl-1,3-dimethoxy propane, 2-phenyM ,3-dimethoxy 
propane, 2-cumyl-1 ,3-dimethoxy propane, 2-(2-phenyl ethyl)- 1 ,3-dimethoxypropane, 2-(2-cyclohexylehyl)-1,3-dimeth- 
oxy propane, 2-(p-chloropheny)- 1,3-dimethoxy propane, 2-(diphenylmethyl)- 1,3-dimethoxy propane, 2-(1-naphthyl)- 
1 ,3-dimethoxy propane, 2-(2-fluorophenyl)-1 ,3-dimethoxy propane. 2-(1-decahydoronaphthyl)-1.3-dimethoxy propane, 
2-(p-t-butylphenyl)-1 ,3-dimethoxypropane, 2,2-dicyclohexyM ,3-dimethoxy propane, 2,2-dicyclopentyl-1,3-dimethoxy 
propane, 2,2-diethyl- 1,3-dimethoxy propane, 2,2-dipropyl-1,3-dimethoxy propane, 2,2-diisopropyM ,3-dimethoxy pro- 
pane, 2,2-dibutyl-1,3-dimethoxy propane, 2-methyl-2-propyl-1 ,3-dimethoxy propane, 2-methyl-2-benzyl-1,3-dimethoxy 
propane, 2-methyl-2-ethyl- 1,3-dimethoxy propane, 2-methyl-2-isopropyl-1 ,3-dimethoxy propane, 2-methyl-2-phenyl- 
1,3-dimethoxy propane, 2-methyl-2-cyclohexyl-1 ,3-dimethoxy propane, 2, 2-bis(p-chlorophenyQ- 1,3-dimethoxy pro- 
pane, 2,2-bis(2-cydohexylethyl)-1,3-dimethoxy propane, 2-methyl-2-isobutyl 1,3-dimethoxy propane, 2-methyl-2-(2- 
ethylhexyl)-1 ,3-dimethoxy propane, 2,2-diisobutyl-1.3-dimethoxy propane, 2.2-diphenyl-1 ,3-dimethoxy propane, 2,2- 
dibenzyl-1 ,3-dimethoxy propane, 2, 2-bis(cyclohexylmethyl)- 1,3-dimethoxy propane, 2,2-diisobutyM ,3-diethoxy pro- 
pane, 2,2-diisobutyl-1,3-dibuthoxy propane, 2-isobutyl-2-isopropyl- 1,3-dimethoxy propane, 2-(1-methyIbutyl)-2-isopro- 
pyl- 1,3-dimethoxy propane, 2-(1-methylbutyl)-2-s-butyl- 1,3-dimethoxy propane, 2,2-di-s-butyl- 1,3-dimethoxy propane, 
2,2-di-t-butyM ,3-dimethoxy propane, 2,2-dineopentyl-1,3-dimethoxy propane. 2-isopropyl-2-isopentyl- 1,3-dimethoxy 
propane, 2-pheny1-2-isopropyl-1 ,3-dimethoxy propane, 2-phenyl-2-s-butyl- 1,3-dimethoxy propane, 2-benzyl-2-isopro- 
pyl-1,3-dimethoxy propane, 2-benzyl-2-s-butyl-1 ,3-dimethoxy propane, 2-phenyl-2-benzyl- 1,3-dimethoxy propane, 2- 
cyclopentyl-2-isopropyl- 1,3-dimethoxy propane, 2-cycloperrtyl-2-s-butyl-1 ,3-dimethoxy propane, 2-cyclohexyl-2-isopro- 
pyl-1,3-dimethoxy propane, 2-cyclohexyl-2-s-butyl- 1,3-dimethoxy propane, 2 -isopropyl-2-s-butyl- 1,3-dimethoxy pro- 
pane, 2-cyclobexyl-2-cyclohexylmethyl- 1,3-dimethoxy propane, 9,9-dimethoxymethyl fluorene, 2,3-diphenyl-1 ,4- 
diethoxybutane, 2,3-dicyclohexyl-1 ,4-diethoxybutane, 2,2-dibenzyl-1 ,4-diethoxybutane, 2,3-dicyclohexyl-1 ,4-diethoxyb- 
utane. 2,3-diisopropyl-1,4-diethoxybutane, 2,2-bis(p-methylphenyl)-1,4-dimethoxy butane, 2,3-bis(p-chloropbenyl)-1 ,4- 
dimethoxy butane. 2,3-bis(p-fluorophenyl)-1 ,4-dimethoxy butane, 2,4-diphenyl-1,5-dimethoxypentane, 2,5-diphenyl- 
1 ,5-dimethoxyhexane. 2,4-diisopropyl-1,5-dimethoxypentane. 2,4-diisobutyl-1,5-dimethoxypentane, 2,4-diisoamyl-1,5- 
dimethoxypentane, 3-methoxymethyl tetrahydrofurane, 3-methoxymethyldioxane, 1 ,3-diisobutoxypropane, 1,2-diisobu- 
toxypropane, 1,2-diisobutoxyethane, 1,3-diisoamyloxypropane, 1 ,3-diisoneopentyloxyethane, 1,3-dineopentyloxypro- 
pane, 2,2-tetramethylene-1 ,3-dimethoxypropane, 2,2-pentamethylene-1 ,3-dimethoxypropane. 2,2-hexamethylene-1 ,3- 
dimethoxypropane, 1 ,2-bis(methoxymethyl)cyclohexane, 2,8-dioxaspiro[5,5]undecane, 3.7-dioxabicyclo[3,3,1]nonane. 
3,7-dioxabicyclo[3,3,0]octane, 3,3-disobutyl-1, 5-oxononane, 6,6,-disobutyldioxyheptane, 1,1,-dimethoxymethylcy- 
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cloperrtane, 1 . 1 ,-bis(dimethoxymethyl)cyc!ohexane, 1 ,1 -bisfmethoxymethyljbicyclota.a.ljheptane, 1 ,1 -dimethoxymeth- 
ylcyclopentane. 2 -methyl -2 -methoxym ethyl- 1 ,3-dimethoxypropane, 2-cyclohexyl-2-ethoxymethyl-1 ,3-diethoxypropane, 
2-cyctohexyl-2-methoxymethyl-1 ,3-dimethoxypropane, 2,2-diisobutyl-1 ,3-dimethoxycyclohexane. 2-isopropyl-2-iso- 
amyl-1 ,3-dimethaxycyclohexane, 2-cyclohexyl-2-methoxymethyl-1 ,3-dimethoxycyclohexane, 2-isopropyl-2-meth- 
oxymethyl-1 ,3-dimethoxycyclohexane, 2-isol3utyl-2-methoxymethyl-1,3-dimethoxycyclohexane. 2-cyclohexyl-2- 
ethoxymethyl-1 ,3-diethoxycyclohexane, 2-cyclohexyl-2-ethaxymethyl-1 ,3-dimethoxycydohexane. 2-isopropyl-2- 
ethoxymethyl-1 ,3-diethoxycylohexane, 2-isopropyl-2-ethoxymethyl-1 ,3-dimethoxycyclohexane, 2-isobutyl-2-ethoxyme- 
thyl-1,3-diethoxycyclohexane, 2-isobutyl-2-ethoxymethyl-1 ,3-dimethoxycyclohexane, tristp-methoxyphenyljphosphine, 
methylphenylbis(methoxymethyl)silane, diphenylbis(methoxymethy)silane, methylcyclohexylbis(methoxymethyl)silane, 
di-t-butylbis(methoxymethy1)silane, cyclohexyl-t-butylbis(methoxymethyl)silane, and i-propyl-t-butylbis(methoxyme- 
thyl)silane. 

[0235] Out of these, 1,3-diethers are used preferably, and especially 2,2-diisobutyl-1 ,3-dimethoxypropane, 2-isopro- 
pyl-2-isopentyl-1 ,3-dimethoxypropane, 2,2-dicyclohexyl-1 ,3-dimethoxypropane, 2,2-bis(cyclohexylmethyl)-1 ,3-dimeth- 
oxypropane, and 9,9-dimethoxymethylfluorene. 

[0236] These polyether compounds (E) may be used in combination with not less than two of them. 
[0237] An non-atactic olefin polymer such as crystalline propylene polymer are manufactured by polymerizing an ole- 
fin or copolymerizing not less than two olefins in the presence of such olefin polymerization catalyst (2). 
[0238] As examples of the olefins used in polymerization, there are the same a-olefin having 2 to 10 carbon atoms 
as described above and . in addition to this, the cyclic olefin, styrene, vinylcyclohexane and diene which have 3 to 20 
carbon atoms. Furthermore, the same olefin having a branched structure as described above and a diene compound 
having 4 to 20 carbon atoms may be used. 

[0239] In the present invention, it is preferable to use propylene singly or in combination with an a-olefin other than 
propylene. 

[0240] In the polymerization, the aforementioned solid-state titanium catalyst component(T) or the prepolymerized 
catalyst component(T) are used in an amount of normally approx. 0.0001 to 50 millimols, preferably approx. 0.001 to 
10 millimols, as converted in the titanium atom in the solid-state titanium catalyst component (T) or the prepolymerized 
catalyst component(T). per liter of the polymerization volume. Further, the organometallic catalyst component(Q) is 
used in such amount that the amount of the metal atom in the organometallic catalyst component is normally approx. 1 
to 2,000 mol, preferably approx. 2 to 500 mol, per mol of titanium metal in the polymerization zone. Furthermore, the 
silicon component (S) or a polyether compound (E) is used in such amount that the amount of the silicon or ether atom 
contained in it is normally approx. 0.001 to 50 mol, preferably approx. 0.01 to 20 mol, per mol of the metal atom in the 
organometallic catalyst component(Q). 

[0241] In the polymerization, the electron donor used in the preparation of the solid titanium catalyst component (T) 

and/or the organic silicon compound represented by the aforementioned formula (c-i) may be used together. 

[0242] The use of hydrogen in the polymerization enables an olefin polymer to show a high melt flow rate to be 

obtained. The molecular weight of the olefin polymer obtained can be adjusted with the addition amount of hydrogen. 

[0243] The polymerization reaction is normally carried out in the state of slurry or in the gas phase. 

[0244] In the case of conducting slurry polymerization, the same inert hydrocarbon as used in the preparation of the 

aforementioned prepolymerized catalyst componentfT) may be used as the reaction solvent. 

[0245] The polymerization temperature is set at normally approx. -50 to 200°C, preferably approx. 20 to 100°C, and 
the polymerization pressure is set at normally atmospheric pressure to 100 kg/cm 2 , preferably approx. 2 to 50 kg/cm 2 . 
[0246] The polymerization may be conducted by any of the batch, semi-continuous and continuous processes. 
[0247] On the other hand, it is desirable that the atactic propylene polymer should have intrinsic viscosity fo] in a range 
of 0.5 to 10 dl/g, preferably 1 .0 to 5.0 dl/g. 

[0248] It is also desirable that the mr/(mm + rr) value in the diad distribution as measured by NMR should be in a range 
of 0.7 to 1 .3, preferably 0.8 to 1 .2. 

[0249] Out of them, the ethylene^ropylene copolymers of the present invention are the copolymers that are identified 
as described above from the spectra in the zone of 19 to 23 ppm as obtained by measurement by means of 13 CNMR. 
[0250] In this case, the mr/(mm + rr) value in the diad distribution as measured by 13C-NMR was determined as 
described below. 50 to 70 mg of a sample was completely dissolved in a solvent comprising approx. 0.5 ml of hexachlo- 
robutadiene, o-dichlorobenzene or 1 ,2,4-trichlorobenzene to which approx. 0.05 ml of benzene deuteride, a rock sol- 
vent, are added in an NMR sample tube (5 mm in diameter), and then the mr/(mm + rr) value was measured by proton 
decoupling method at 120°C. For the measuring conditions, a flip angle of 45° and a pulse interval of not less than 3.4 
T1 (T1 is the longest value of the spin lattice relaxation time of the methyl group) were selected. Since the T1 of the 
methylene group and the methene group is shorter than that of the methyl group, the recovery of magnetization is not 
less than 99% under these conditions. The chemical shift was set at 21 .59 ppm the methyl group of the third unit of the 
5-propylene-unit chain whose methyl branches are in the same direction because of the connection of the top and the 
tail. 
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[0251] The spectrum in the methyl carbon area (19 to 23 ppm) can be classified into the first peak area (21 .1 to 21 .9 
ppm), second peak area (20.3 to 21 .0 ppm) and third peak area (1 9.5 to 20.3 ppm). Further, each peak of the spectrum 
was assigned by reference to literature [Polymer, 30(1989)1350]. 

[0252] Further, mr, mm and rr stand each for the three propylene unit chain represented by the following formula which 
is connected at the top and the tail: 



mr 



CH. CH, 

-(CH-CHJ-(CH-CEy-(jCH-CHJ- 
CH, 



CH, CH, CH, 

mm : -(CH-CH^CH-CHJ-CCH-CH,)- 



CH, 
I 



rr : — 



^H, 

(CH- CHJ - (CH - CHJ - (CH- CH,) - 
CH, 



[0253] Further, the measurement of the 1 9 to 23 ppm zone by means of 13 CNMR was made by determining the area 
of all the peaks of the signals appearing in each of the aforementioned zones of first, second and third to identify an 
ethylene/propylene copolymer. 

[0254] The atactic olefin polymers such as the aforementioned atactic propylene polymer can be manufactured, for 
example, 

by polymerizing a -olefin such as propylene in the presence of the olefin polymerization catalyst (3) comprising: 

(A) A meso form of a transition metal compound (A-2) represented by the aforementioned formula (I), 
(B) 

(B-1) An organic aluminumoxy compound or 

(B-1) a compound (B 2 -2)which reacts with the aforementioned transition metal compound (A-2) to form an ion 
pair; and as required, 

(C) an organoaluminum compound; 

or by polymerizing a-olefin such as propylene in the presence of the olefin polymerization catalyst (4) comprising: 

(A) A transition metal compound (A-3) represented by the following formula (II); 
(B) 

(B-1) An organic aluminumoxy compound or 

(B-2) A compound (B 3 -2) which reacts with the aforementioned transition metal compound (A-3) to form an ion 
pair; and as required, and as required 

(C) An organoaluminum compound. 

[0255] Next, below is given a specific description of the olefin polymerization catalyst (3) and the olefin polymerization 
catalyst (4). 

[0256] Olefin polymerization catalyst (3) comprising: 

(A) A meso form of a transition metal compound (A-2) represented by the aforementioned formula (I); 
(B) 

(B-1) An organic aluminumoxy compound and/or 

(B-2) A compound (B 2 -2) which reacts with the aforementioned transition metal compound (A-2) to form an ion 
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pair; and as required, 
(C) An organoaluminum compound. 

[0257] The transition metal compound (A-2) is the meso form of the transition metal compound represented by the 
aforementioned formula (I). 

[0258] As a specific example of such transition metal compound (A-2), the meso form of the compound mentioned as 
the compound represented by the aforementioned formula (0 can be cited. 

(B-1) The organic aluminumoxy compound, (B-2) compound (B 2 -2) forming ion pairs by reacting with the aforemen- 
tioned transition metal compound (A-2), and (C) organoaluminum compound which are used in the olefin polymer- 
ization catalyst (3) are the same as the (B-1) organic aluminumoxy compound. (B-2)compound (B 1 -2)forming ion 
pairs by reacting with the aforementioned metal compound (A), and (C) organoaluminum compound which are 
used in the aforementioned olefin polymerization catalyst (1). 

[0259] The atactic polymers can be manufactured by polymerizing an a-olef in such as propylene in the presence of 
such olefin polymerization catalyst (3). 

[0260] In the polymerization, it is desirable that the transition metal compound (A-2) should be used in an amount of 
normally 10" 8 to 10" 3 grams atom/liter, preferably 10" 7 to 10* 4 grams atom/liter, as the concentration of the transition 
metal atom derived from the transition metal compound (A-2) in the polymerization system. In the case of using the 
organic aluminumoxy compound (B-1) for the activating compound (B), the atomic ratio (Al/transition metal) of the alu- 
minum in the organic aluminumoxy compound (B-1) to the transition metal in the transition metal compound (A-2) is in 
a range of normally 5 to 10,000, preferably 10 to 5,000. In the case of using the ionized ionic compound (B 2 -2) as an 
activating compound (B), the molar ratio [(A-2)/(B 2 -2)] of the transition metal compound (A-2) to the ionized ionic com- 
pound (B 2 -2) is in a range of normally 0.01 to 10, preferably 0.5 to 5. In the case of using the organoaluminum com- 
pound (C), the atomic ratio (Al/transition metal) of the aluminum in the organoaluminum compound (C) to the transition 
metal in the transition metal compound (A-2) is in a range of normally 5 to 10.000, preferably 10 to 5.000. 
[0261] The solution-phase polymerization process is normally used in manufacturing atactic olefin polymers such as 
such propylene polymers. It is desirable that the polymerization temperature should be normally 0 to 250°C, preferably 
20 to 200°C, and the polymerization pressure is normally atmospheric pressure to 100 kg/cm2, preferably atmospheric 
pressure to 50 kg/cm2. 

[0262] The molecular weight of the atactic polymers thus obtained can be adjusted by causing hydrogen to be present 
in the polymerization system or changing polymerization temperature. 
[0263] The olefin polymerization catalyst (4) consists of: 

(A) A transition metal compound (A-3) represented by the aforementioned formula (II); 



(B-1) An organic aluminumoxy compound or 

(B-2) A compound (B 3 -2) which reacts with the aforementioned transition metal compound (A-3) to form an ion 
pair; and as required. 

(C) An organoaluminum compound. 

[0264] The transition metal compound (A-3) is a compound represented by the following formula (III): 



(B) 



z 1 



Y 2 






Cp 



M 2 
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[0265] In the above formula, M 2 stands for a transition metal atom in the Group IVB of the periodic table, specifically 
titanium, zirconium or hafnium atom; 

Cp stands for cyclic unsaturated hydrocarbon groups or chain unsaturated hydrocarbons groups such as a 
cyclopentadienyl group, a substituted cyclopentadienyl group, a indenyl group, a substituted indenyl group, a tet- 
rahydroindenyl group, a substituted tetrahydroindenyl group, a f luorenyl group or a substituted f luorenyl group; 
X 3 stands for hydrogen atom, halogen atom, an alkyl group having 1 to 20 carbon atoms, an aryl group, an alkylaryl 
group or an arylalkyl group having 6 to 20 carbon atoms, or an alkoxy group having 1 to 20 carbon atoms; 
Z 1 stands for SiR 7 2 . CR 7 2 , SiR 7 2 SiR 7 2 , CR 7 2 CR 7 2 , CR 7 2 CR 7 2 CR 7 2 . CR 7 =CR 7 . CR 7 2 SiR 7 2 or GeRR 7 2 ; Y 2 stands 
for -N(R)-, -O-. -S- or -P(R 8 )-; 

R 7 stands for alkyl. aryl, silyl, halogenated alkyl and halogenated aryl groups having hydrogen atom or up to 20 
non-hydrogen atoms and a group selected from among combinations thereof; 

R 8 stands for an alkyl group having 1 to 10 carbon atoms or an aryl group having 6 to 10 carbon atoms or may form 
a condensed ring system of one or more R 7, s and up 30 non-hydrogen atoms; and 
w stands for 1 or 2. 

[0266] Specific examples of the compounds represented by the aforementioned general formula (II) include (tert-buty- 
lamide)(tetramethylni5-cyclopentadienyl)-1,2-ethanediyl zirconium dichloride, (tert-butylamide)(tetramethyl-n5- 
cyc!opentadienyl)-1 ,2-ethanediyl titanium dichloride, (methylamide)(tetramethyl-T|5-cyclopentadienyl)-1,2-ethanediyl 
zirconium dichloride, (methylamide)(tetramethyl-n5-cydopentadienyl)-1 ,2-ethanediyl titanium dichloride, (ethyla- 
mide)(tetramethyl-T|5-cyclopentadienyl)-methylene titanium dichloride, (tert-butylamide)dimethyl(tetramethyl-n5- 
cyclopentadienyl)silane titanium dichloride, (tert-butylamide)dimethyl(tetramethyl-Ti5-cyclopentadienyl)silane zirconium 
dichloride, (benzylamide)dimethy1(tetramethyl-Ti5-cyclopentadienyl)silane titanium dichloride, and (phenyl phos- 
phide)dimethyl(tetramethyl-rj5-cyclopentadienyl)silane zirconium dibenzyl. 

[0267] The (B-1) organic aluminiumoxy compound, (B-2) compound (B 3 -2) forming ion pairs by reacting with the 
aforementioned transition metal compound (A-3), and (C) organoaluminum compound which are used in the olefin 
polymerization catalyst (4) are the same as the (B-1) organic aluminumoxy compound, (B-2)compound (B 1 -2) forming 
ion pairs by reacting with the aforementioned transition metal compound (A-1), and (C) organoaluminum compound 
which are used in the aforementioned olefin polymerization catalyst (1). 

[0268] The atactic olefin polymers such as propylene homopolymer can be manufactured by polymerizing an a-olef in 
such as propylene in the presence of such olefin polymerization catalyst (4). 

[0269] In the polymerization, it is desirable that the transition metal compound (A-3) should be used in an amount of 
normally 10* 8 to 10" 3 grams atom/liter, preferably 10" 7 to 10" 4 grams atom/liter, as the concentration of the transition 
metal atom derived from the transition metal compound (A-3) in the polymerization system. In the case of using the 
organic aluminumoxy compound (B-1) for the activating compound (B), the atomic ratio (Al/transition metal) of the alu- 
minum in the organic aluminumoxy compound (B-1) to the transition metal in the transition metal compound (A-3) is in 
a range of normally 5 to 10,000, preferably 10 to 5,000. In the case of using the ionized ionic compound (B 2 -2) for acti- 
vating compound (B), the molar ratio [(A-3)/(B 2 -2)] of the transition metal compound (A-3) to the ionized ionic compound 
(B 2 -2) is in a range of normally 0.01 to 10, preferably 0.5 to 5. In the case of using the organoaluminum compound (C), 
the atomic ratio (Al/transition metal) of the aluminum in the organoaluminum compound (C) to the transition metal in the 
transition metal compound (A-3) is in a range of normally 5 to 10,000. preferably 10 to 5,000. 

[0270] The solution-phase polymerization method is normally used in manufacturing atactic olefin polymers such as 
such propylene polymers. It is desirable that the polymerization temperature should be normally 0 to 250°C, preferably 
20 to 200°C, and the polymerization pressure is normally atmospheric pressure to 100 kg/cm2, preferably atmospheric 
pressure to 50 kg/cm2. 

[0271 ] The molecular weight of the atactic polymers thus obtained can be adjusted by causing hydrogen to be present 
in the polymerization system or changing polymerization temperature. 

[0272] As the method for using at least two types of catalysts, there is a method in which at least one catalyst (Cata- 
lyst-1.2) selected from between the aforementioned polymerization catalyst (1) and the olefin polymerization catalyst 
(2) and at least one catalyst (CataJyst-3,4) selected from between the aforementioned polymerization catalyst (3) and 
the olefin polymerization cataJyst (4) are used. 

[0273] It is desirable that the ratio of Catalyst- 1 ,2 to Catalyst 3,4 used in the polymerization should be in a range of 
1/10,000 to 1/1, preferably 1/1,000 to 1/10 in terms of the atomic ratio (Catalyst- 1.2/Catalyst-3,4) of atotal of the tran- 
sition metal atom in the olefin polymerization catalyst (1) used and the titanium atom in the olefin polymerization cata- 
lyst (2) used and a total of the transition metal atom in the olefin polymerization catalyst (3) used and the transition metal 
atom in the olefin polymerization catalyst (4) used. 

[0274] In the case of manufacturing an olefin polymer composition by combining the olefin polymerization catalyst (1) 
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and at least one catalyst selected from between the olefin polymerization catalyst (3) and the olefin polymerization cat- 
alyst (4), it is desirable that the transition metal compounds should be used in a total amount of normally 10~ 8 to 10" 3 
grams atom/liter, preferably 10" 7 to 10" 4 grams atom/liter, as the concentration of the transition metal atoms derived 
from the transition metal compounds in the polymerization system. In the case of using the organic aluminumoxy com- 

5 pound (B-1) for the activating compound (B), the atomic ratio (Al/transition metals) of the aluminum in the organic alu- 
minumoxy compound (B-1) to a total amount of the transition metals in the transition metals compound is in a range of 
normally 5 to 1 0,000, preferably 10 to 5,000. In the case of using the ionized ionic compound (B-2) as an activating com- 
pound (B), the molar ratio [transition metal compounds/(B-2)] of the total amount of the transition metal compounds to 
the ionized ionic compound (B-2) is in a range of normally 0.01 to 10, preferably 0.5 to 5. In the case of using the orga- 

10 noaluminum compound (C), the atomic ratio (Al/transition metals) of the aluminum in the organoaluminum compound 
(C) to a total amount of the transition metals in the transition metal compound is in a range of normally 5 to 10,000, pref- 
erably 10 to 5.000. 

[0275] It is desirable that in the case of employing the slurry polymerization method, the polymerization temperature 
should be normally -50 to 100°C, preferably 0 to 90°C, and it is desirable that in the case of employing the gas-phase 
is or bulk polymerization method, the polymerization temperature should be normally 0 to 120°C, preferably 20 to 1 00°C. 
Furthermore, the polymerization pressure is normally atmospheric pressure to 100 kg/cm2, preferably atmospheric 
pressure to 50 kg/cm2. 

[0276] In the case of manufacturing an olefin polymer composition by combining the olefin polymerization catalyst (2) 
and at least one catalyst selected from between the olefin polymerization catalyst (3) and the olefin polymerization cat- 

20 alyst (4), it is desirable that the transition metal compounds and the solid-state titanium catalyst compound should be 
used in a amount of normally 10" 8 to 10" 3 grams atom/liter, preferably 10" 7 to 10" 4 grams atom/liter, as the total concen- 
tration of the transition metal atoms in the transition metal compounds and the titanium atom in the solid-state titanium 
catalyst component in the polymerization system. In the case of using the organic aluminumoxy compound (B-1) for the 
activating compound (B), the atomic ratio (Al/transition metals+Ti) of the aluminum in the organic aluminumoxy com- 

25 pound (B-1) to the transition metals in the transition metals compound and the titanium atom in the solid-state titanium 
catalyst component is in a range of normally 5 to 10,000, preferably 10 to 5,000. In the case of using the ionized ionic 
compound (B-2) as an activating compound (B), the molar ratio [transition metal compounds+Ti/(B-2)] of the total 
amount of the transition metal compounds and the solid-state titanium catalyst component to the ionized ionic com- 
pound (B-2) is in a range of normally 0.01 to 10, preferably 0.5 to 5. In the case of using the organoaluminum compound 

30 (C). the atomic ratio (Al/transition metals+Ti) of the aluminum in the organoaluminum compound (C) to a total amount 
of the transition metals in the transition metal compound and the titanium atom in the solid-state titanium catalyst com- 
ponent is in a range of normally 5 to 10,000, preferably 10 to 5,000. 

[0277] It is desirable that in the case of employing the slurry polymerization method, the polymerization temperature 
should be normally -50 to 100°C. preferably 0 to 90°C, and it is desirable that in the case of employing the gas-phase 
35 or bulk polymerization method, the polymerization temperature should be normally 0 to 120°C, preferably 20 to 1 00°C. 
Furthermore, the polymerization pressure is normally atmospheric pressure to 100 kg/cm2, preferably atmospheric 
pressure to 50 kg/cm2. 

[0278] In the case of manufacturing an olefin polymer composition by combining at least one catalyst selected from 
between the olefin polymerization catalyst (1) and the olefin polymerization catalyst (2) and at least one catalyst 
40 selected from between the olefin polymerization catalyst (3) and the olefin polymerization catalyst (4), the ratio between 
the atactic olefin polymer and non-atactic olefin polymer in the olefin polymer composition thus obtained can be 
adjusted by changing the ratio of the aforementioned catalyst components. 

[0279] The olefin polymer compositions of the present invention may contain a softener, filler, pigment, stabilizer, plas- 
ticizer, flame retardant, lubricant, antistatic agent, agent for improving electrical properties, etc. to such extent that the 

45 objects of the present invention will not be adversely affected. 

[0280] Specific examples of a filler include powder fillers represented by carbonates such as precipitated calcium car- 
bonate, calcium carbonate heavy and magnesium carbonate; hydroxides such as aluminum hydroxide, magnesium 
hydroxide and magnesium oxide; oxides such as zinc oxide, zinc white and magnesium oxide; natural silicic acids or 
silicates such as kaolinite, calcined clay, pyrophyllrte, seriche, (fine powder) talc and wollastonite; synthetic silicic acids 

so or silicate such as calcium silicate hydrate, aluminum silicate hydrate, silicic acid hydrate and silicic acid anhydride; 
flake fillers such as mica; fibrous fillers such as sepiolite, PMF (Processed Mineral Fiber), zonotolite. potassium titanate, 
erestadite, basic magnesium sulfate whisker, calcium titanate whisker and aluminum borate whisker; balloon fillers 
such as glass balloon and fly ash balloon; and organic fillers such as high styrenes, lignin and regenerated rubber. 
[0281 ] These filler are used in an amount of normally 1 to 1 00 parts by weight against 1 00 parts by weight of the olefin 

55 polymer composition. 
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EFFECT OF THE INVENTION 

[0282] The atactic olefin polymers of the present invention have excellent optical and/or mechanical properties. They 
are used in various moldings singly by themselves or as modifiers for other thermoplastic resin. Furthermore, the atactic 
olefin polymers of the present invention provide those compositions having various modulus as well as excellent optical 
and/or mechanical properties when made up into compositions with non-atactic olefin polymers, particularly propylene 
polymer or crystalline butene polymer. Specifically, atactic polymers of butene, hexene and octene. out of the a-olefin 
polymers of the present invention, or copolymers thereof with other a-olefin can be used suitably as modifiers for crys- 
talline polyolefins such as crystalline polypropylene, crystalline polybutene. In this case, a polymer of the present inven- 
tion may preferably be used in an amount or 1 to 50 parts by weight, more preferably 5 to 50 parts by weight, against 
100 parts by weight of a composition comprising a crystalline polyolefin and a polymer of the present invention. The 
blending of a polymer of the present invention in this range of ratio enables to give a crystalline polyolefin flexibility with- 
out impairing its inherent heat resistance, mechanical and other properties. 

[0283] Moreover, the aforementioned olefin polymer compositions can be manufactured by a one-stage or not less 
than two-stage process using at least two types of catalysts. 

[0284] The olefin polymer compositions of the present invention are used for various applications. 

[0285] Other embodiments of the present invention include an a-olefin polymer having 4 to 1 0 carbon atoms such as 

poly-1 -hexene and poly-1 -octene, for example, and they are used suitably as a vibration insulation material. 

[0286] As an example of the poly-a-olefin polymers of the present invention, there is a poly-a-o!ef in polymer which 

comprises a homopolymer of either one of 1 -hexene or 1 -octene and which has intrinsic viscosity fo] in a range of 0.5 

to 10 dl/g and a degree of crystallinity of not more than 5%. 

[0287] Specifically, out of the a-olefin polymers of the present invention, the polymers having a component derived 
from hexene or octene as the main component can be used suitably as a vibration insulation material or a material giv- 
ing vibration insulation properties to other materials. Since these polymers shows a high value of loss tangent as 
observed by the determination of the dynamic viscoelasticity in a broad range of temperature, they exhibit good vibra- 
tion insulation properties in a broad range of temperature. 

[0288] Out of the a-olefin polymers of the present invention, the polymers having a component derived from hexene 
or octene as the main component can be used suitably as a tackifier. Since these polymers shows a high value of loss 
tangent as observed by the determination of the dynamic viscoelasticity in a broad range of temperature, they exhibit 
good tackiness in a broad range of temperature. 

[0289] Furthermore, the atactic poly-4-methyl-1-pentene of the present invention is useful as a modifier for various 
film materials. 

[0290] As an example of the 4-methyM -pentene polymers of the present invention, there is a poly-a-olefin polymer 
which has intrinsic viscosity [r\] in a range of 0.5 to 10 dl/g and a degree of crystallinity of not more than 5%. 

Freshness-retaining Film 

[0291] For example, film made of polypropylene or low<lens*rty polyethylene cannot retain adequately the freshness 
of vegetables absorbing much carbon dioxide, oxygen gas and water vapor in summer time due to its poor carbon diox- 
ide, oxygen gas or water vapor permeability 

[0292] The use of the atactic poly-4-methyl-1 -pentene polymer resin of the present invention makes possible the pro- 
vision of a fruit and vegetables packaging film that has excellent gas permeability and mechanical strength and is capa- 
ble of adequately retaining the freshness of fruit and vegetables, while protecting them from fouling or damage. The 
aforementioned poly-4-methyl-1 -pentene polymer resin may be blended with any of the 4-methyl-1 -pentene polymer 
resins obtained by the conventional method known to the public, such as homopolymer of 4-methyi-1 -pentene and 
copolymers of 4-methyl-1 -pentene and 2 to 20 wt% of other a-olefin, such as a a-olefin having 3 to 18 carbon atoms, 
other than 4-m ethyl -1 -pentene, such as 4-methyl-1-pentene/hexadecene copolymer and 4-methyl-1-pentene/decene-1 
copolymer. In this case, the use of the atactic 4-methyM -pentene polymer resin of the present invention is preferable 
because the use of the resin result in an improvement in film strength, sealing properties and moldability. Preferable 
examples of the 4-methyl-1 -pentene copolymer of the present invention for this application include 4-methyM -pentene 
(4MP1)/decene copolymer, 4-methyl-1 -pentene (4MP1)/octene copolymer, 4-methyl-1 -pentene (4MP1)/hexene copol- 
ymer and 4-methyl-1 -pentene (4MP1)/ethylene copolymer. A preferable composition of these copolymers is such that 
the 4-methy-1 -pentene content is 80 to 98 wt%. Especially, it is preferable that the 4MP1 content may be 90 to 95 wt%. 
[0293] As the film containing the 4-methyl-1 -pentene copolymer of the present invention, the following blends are pref- 
erable: 

[0294] Non-atactic 4-methyM -pentene copolymer obtained by conventional technology (poly-4-methy1-1 -pentene 
homopolymer, 4-methyl-1-pentene/decene copolymer, 4-methyM -pentene/octene copolymer, 4-methyl-1-pentene/eth- 
ylene copolymer)/atactic 4-methyM -pentene copolymer of the present invention = 30/70 to 90/10 (wt%); and the film 
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containing the 4-methyl-1-pentene copolymer of the present invention may contain other polymers such as low-density 
polyethylene (LDPE). linear polyethylene (LLDPE), polypropylene (PP), ethylene-propylene rubber (EPR), ethylene- 
butene rubber (EBR) and hydrogenated styrene-butadiene-styrene block copolymer (SEBS). 

Surface Protection Film 

[0295] The aforementioned atactic 4-methyl-1 -pentene copolymer obtained by the present invention and the compo- 
sitions containing the copolymer are also used suitably in the tacky layer of a surface protection film which will not peel 
off from the substrates when attached to various substrates, shows high initial tackiness and shows a slight change with 
time in tackiness after being attached to substrates, low level of blocking at the time of the unrolling of the film and excel- 
lent handling workability. The 4-methyl-1 -pentene copolymer of the present invention has a low degree of crystallinity 
and shows especially excellent tackiness. Furthermore, the aforementioned tacky layer may contain other polymers 
such as ethylene-propylene rubber (EPR), ethylene-butene rubber (EBR) and styrene-butadiene-styrene block copoly- 
mer (SEBS) as required. Moreover, it may be blended with a modified material (maleic anhydride, styrene-grafted mate- 
rial) of such polymers as required. 

[0296] Further, the manufacture of the film for this application may be carried out by any method that makes possible 
the manufacture of a laminated film of a structure having the substrate layer and the tacky layer. Especially the method 
in which a three-layer film having an intended thickness is manufactured by heating and melting separately each of the 
materials to be formed into the substrate (surface and middle layers) and the tacky layer and by coextruding them is 
preferable because the film of the present invention can be manufactured highly efficiently and inexpensively. Further, 
a method can also be employed in which the tacky layer is extruded onto the substrate to be laminated. 

Vibration Insulation Material and Laminates Thereof 

[0297] The atactic 4-methyl-pentene copolymer obtained by the present invention shows excellent viscoelastic prop- 
erties and a high tan 5 value in the vicinity of room temperature. Because of this, the atactic 4-methyl-pentene copoly- 
mer shows an excellent vibration insulation performance when used in the core or middle layer of a composite laminate 
for vibration insulation. The aforesaid 4-methyl-pentene copolymer may contain other polymers such as ethylene-pro- 
pylene rubber (EPR). ethylene-butene rubber (EBR) and hydrogenated styrene-butadiene-styrene block copolymer 
(SEBS) as required. Moreover, it may be blended with a modified material (maleic anhydride, styrene-grafted material) 
of such polymers as required. 

[0298] Examples of the vibration insulation laminates include such structures as ® metal/4-methyl-1 -pentene copol- 
ymer, © metal/4-methyM -pentene copolymer/metal, ® metal/4-methyl-1 -pentene copolymer/metal/4-methyM -pen- 
tene copolymer and ® metal/4-methyl-1 -pentene copolymer/metal/4-methyl-1 -pentene copolymer/metal. 
[0299] Out of these, the three-layer structure of © above is used especially suitably. For the structure of such lami- 
nates, a board-like, cylindrical or other structure may be used. Examples of the metals formed such composite lami- 
nates include iron, steel, copper, aluminum, stainless steel and brass. The thickness of such metal is arbitrary but 
normally 0.1 to 2 mm, preferably 0.2 to 0.4 mm. Furthermore, the thickness of the composition layer is arbitrary but nor- 
mally 0.02 to 3 mm, preferably 0.03 to 0.15 mm. 

Soil Vinyl Chloride Resin Like Material 

[0300] The atactic 4-methyl-pentene polymer of the present invention provides same material as soft vinyl chloride 
resin. Especially the aforementioned atactic 4-methyl-pentene copolymer provides a copolymer having excellent trans- 
parency, strain recovery properties and scratch resistance in a 4-methyl-pentene content range of not less than 90 mol 
%. 

[0301] Examples of such polymers include 4-methyl-1-pentene/ethylene copolymer, 4-methyl-1-pentene/ethyl- 
ene/hexene copolymer and 4-methyl-1-pentene/ethylene/octane copolymer. Such 4-methyl-1 -pentene copolymers may 
contain other polymers such as ethylene-propylene rubber (EPR), ethylene-butene rubber (EBR) and hydrogenated 
styrene-butadiene-styrene block copolymer (SEBS) as required. It is possible to obtain such sheet, tube and bag as 
have a feel like soft vinyl chloride by using said copolymer which may be blended with a modified material (maleic anhy- 
dride, styrene-grafted material) of such polymers as required.. The tube formed by use of such copolymer has excellent 
kink resistance. 

EXAMPLES 

[0302] Given below is a more detailed description of the present invention, but the present invention is not limited to 
these examples described below. 
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[0303] Further, in the Examples below, the composition, physical properties, etc. of polymers were determined as 
described below. 

Melt flow rate (MFR): 

5 MFR was determined at 230°C and at a load of 2. 1 6 kg in accordance with ASTM D1 238-65T. 

Polymer composition: 

Approx. 200 mg of a polymer were dissolved uniformly in 1 ml of hexachlorobutadiene in a test tube 10 mm 
in diameter. The composition of the sample thus obtained was determined by making 13 C-NMR spectrum meas- 
urement under the conditions: the measurement temperature 120°C, measurement frequency 25.02 Mhz, spec- 
ie trum width 1 ,500 Hz, pulse repetition time 4.2 sec, and pulse width 6jisec. 
Intrinsic viscosity fa]: 

Intrinsic viscosity was measured in decahyronaphthalene at 135°C. 
Flexural modulus (FM): 

A FM test specimen punched out from a press-molded sheet 2 mm thick molded at 200°C was tested at 
is 23°C at a span distance of 32 mm and a bending rate of 5 mm/min in accordance with ASTM D790. 
Izod impact strength (IZ): 

Isod impact strength was determined in accordance with ASTM D256. 
Test specimen (notched): 

12.7 mm wide x 6.4 mm thick x 64 mm long 

20 Haze: 

Haze of a press-molded sheet 0.5 mm thick molded at 200°C was determined in accordance with ASTM 
D1003. 

Preliminary activation of catalyst: 

13.5 mg of (dimethyl(t-butylamide)(tetramethyl-r|5-cyclopentadienyl) silane) dichloridetitanium were 
25 weighed into a glass container previously purged thoroughly with nitrogen. 22.86 ml of toluene solution of methyl- 
alumoxane (hereinafter called "MAO") of 0.808 millimol/ml were added to the glass container so that the aluminum 
atom would be 22.05 millimols, and was subjected to ultrasonic treatment for 15 min. at 23°C to obtain a catalyst 
solution. 

30 (Polymerization Example 1) Propylene-ethylene atactic copolymer: 

[0304] 900 ml of heptene was added at normal temperature to a 2L autoclave previously dried under reduced pres- 
sure and purged with nitrogen. After that, propylene was pressurized to 6 kg/cm2G with agitation, and pressure was 
released. This pressurization/pressure release operation was repeated three times. Subsequently, propylene was pres- 

35 surized to 6.6 k/cm2G (25°C), 0.3 ml of toluene solution of triisobutylaluminum(1 .0 millimol/ml) were added, and then 
the temperature was raised to 80°C. After that, the system was pressurized with ethylene to 8 kg/cm2G, and 0.5 ml of 
the toluene solution (0.001 millimols/ml) of (dimethyl(t-butylamide)(tetramethyl-Ti5-cyclopentadienyl) silane)dichlorideti- 
tanium synthesized by the method known to the public, 0.5 ml of the toluence solution (0.004 milimol/ml) of triphenyl- 
carbenium tetra(pentafluorophenyl)borate and 10 ml of toluene were mixed for 10 min., and all of them were added 

40 simultaneously to initiate the copolymerization of propylene and ethylene. At this time, the catalyst concentration was 
such that against the total system, (dimethyl(t-butylamide)(tetramethyl-Ti5-cyclopentadienyl)silane)dichloridetitanium 
was 0.0005 millimol/liter and triphenylcarbeniumtetra(pentaf luorophenyljborate was 0.002 millimol/liter. During polym- 
erization, the internal pressure was kept at 8 kg/cm2G by supplying ethylene continuously. After 25 min., the polymeri- 
zation reaction was stopped by adding methylalcohol. After the pressure was released, the polymer solution was taken 

45 out and washed by using aqueous solution obtained by adding 5 ml of concentrated hydrochloric acid to 1 liter of water 
at a ratio of 1 :1 , and the catalyst residues were turned into a water phase. This catalyst-containing solution was allowed 
to stand so that the water phase was separated and removed. It was then washed with distilled water twice to separate 
this polymerization liquid into oil and water. Next, the polymer liquid which had been separated above was contacted 
with 3 fold acetone under vigorous agitation to precipitate the polymer. The precipitated polymer was washed ade- 

so quately with acetone, and a solid portion (copolymer) was obtained by filtration. The solid portion was dried at 130°C 
and 350 mmHg for 1 2 hours in the flow of nitrogen. The amount of the propylene/ethylene copolymer thus obtained was 
34 g. Its intrinsic viscosity [rj] as determined in decalin 135°C was 1 .4 dl/g; glass transition temperature Tg was -26°C; 
propylene content was 84 wt%, ethylene content was 16 wt%; and activity was 163 kg/millimol Ti • hr. 
[0305] Furthermore, a chart shown in Fig. 1 was obtained by 13 CNMR measurement. 

55 [0306] Measurement conditions were as follows: 

Diameter of test tube: 10 mm 

Amount of sample: Approx. 250 milligrams 
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Solvent: Orthodichlorobenzene/benzene deuteride = 4/1(2.5 ml) 
Observation width: Approx. 270 ppm 
Measurement method: Proton fully decoupling 
Pulse width: 45 degrees (7.5 usee) 
5 Pulse repetition time: 5.5 sec 

Measurement temperature: 120°C 
Times of computation: 16,384 times 

Chemical soil standard: 21 .59 ppm (the signal that appears in the lowest magnetic field out of the methyl signals of 
propylene) 

w 

The following was obtained from the 13 CNMR chart obtained: 

Total peak area in the first zone (21 .1 to 21 .9 ppm) = P 1 ; 
Total peak area in the second zone (20.3 to 21 .0 ppm) = P 2 ; 
75 Total peak area in the third zone (19.5 to 20.3 ppm) = P 3 ; and 
X and Y are defined by the formulas, p 1 /(P 1 + P 2 + P 3 )=X and 
P 3 /(P 1 +P 2 +P 3 )=Y , respectively, wherein X = 10.5 and Y = 44. 

Melt flow rate (MFR): 

20 MFR was measured at 230°C and at a load of 2.16 kg in accordance with ASTM D1238-65T 

Intrinsic viscosity fa]: 

Intrinsic viscosity was measured in decahyronaphthalene at 135°C. 
Izod impact strength (IZ): 

Izod impact strength was determined in accordance with ASTM D256. (Test specimen (notched): 12.7 mm 
25 wide x 6.4 thick x 64 long) 
Yield Modulus (YM): 

Yield modulus was measured in accordance with ASTM D638. 

Haze: 

Haze of a press-molded sheet 0.5 mm thick molded at 200°C was determined in accordance with ASTM 
30 D1003. 

Recovery properties: 

Recovery was evaluated by visual inspection after pressing a fingernail against a test specimen 2 mm thick. 

© : No mark of the fingernail left 

35 O : A slight mark of the fingernail left 

a : A conspicuous mark of the fingernail left 

X: A very conspicuous mark of the fingernail left 

Examples 1 and 2: 

40 

[0307] 0.2 parts by weight of tetrakis[methylene-3-(3,5-di-t-butyl-4-hydroxyphenyl) propionate]methane as an antioxi- 
dant and 0.1 part by weight of calcium stearate as a hydrochloric acid absorber were added to a mixture of 10 parts by 
weight of a propylene copolymer (C2 content: 2 wt%; and C4 content: 1.1 wt%) and 90 parts by weight of an ethyl- 
ene/propylene atactic copolymer [mr/(mm+rr) = 1.04, fa] = 1.4 dl/g and propylene content = 84 wt%] obtained as 
45 described in Polymerization Example 1 ; these were melted and mixed for 5 min. at 200°C and a rotary speed of 50 rpm 
by means of a 50-ml laboplastmill; and thus the intended composition was obtained. 

[0308] In the same manner, a composition of homopolypropylene (MFR: 6 g/1 0 min.) and an ethylene/1 -butene copol- 
ymer (ethylene content: 60 wt%; and fa]: 1.7 dl/g) was obtained. 

so Comparative Example 1 

[0309] 0.2 parts by weight of tetrakis[methylene-3-(3,5-di-t-butyl-4-hydroxyphenyl) propionate]methane as an antioxi- 
dant and 0.1 part by weight of calcium stearate as a hydrochloric acid absorber were added to a mixture of 10 parts by 
weight of a propylene copolymer (C2 content: 2 wt%; and C4 content: 1.1 wt%) and 90 parts by weight of an ethyl- 
55 ene/^ropylene atactic copolymer [mr/(mm+rr) = 0.3, fa] = 2.0 dl/g and propylene content = 85 wt%]. These were melted 
and mixed for 5 min. at 200°C and a rotary speed of 50 rpm by means of a 50-ml laboplastmill; and thus the intended 
composition was obtained. 
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Comparative Example 2 

[031 0] 0.2 parts by weight of tetrakjs[methylene-3-(3,5<li4^utyl-4-hydroxyphenyl) propionate]methane as an antioxi- 
dant and 0. 1 part by weight of calcium stearate as a hydrochloric acid absorber were added to a mixture of 60 parts by 
weight of homopolypropylene (MFR: 6 g/10 min), 10 parts by weight of ethylene/propylene/1 -butene copolymer 
[mr/(mm+rr)=0.4,[T|]= 1 .5dl/g, ethylene content = 8 wt%. propylene content = 50 wt%] and 20 parts by weight of an eth- 
ylene/1 -butene copolymer (ethylene content = 60 wt%; and fo] = 1 .7 dl/g). These were melted and mixed for 5 min. at 
200°C and a rotary speed of 50 rpm by means of a 50-ml laboplastmill; and thus the intended composition was 
obtained. 



tern 


Example 1 


Example 2 


Propylene polymer 


10 




Homopolypropylene 




60 


Ethylene/Propylene atactic copolymer 


90 


10 


Ethylene/propylene copolymer 






Ethylene/1 -butene copolymer 




30 


IZ(J/m) (23°C) 


NB 


NB 


IZ(J/m) (-10°C) 


NB 


370 


YM(Mpa) 


21 


490 


Haze (%) 


7 


39 


Scratch resistance 


® 


O 



Example 3 (Atactic Polyoctene) 
Manufacture of polyoctene: 

[031 1 ] A 1 -liter glass vessel equipped with cooling tube and an agitator was purged adequately with nitrogen, charged 
with 279 ml of toluene and 100 ml of octene, and agitated, and then the temperature in the system was lowered to 0°C. 
7.4 mg of (dimethyl(t-butylamide)(tetramethyl-n5-cyclopentadienyl) silane)titanium dichloride synthesized by a known 
was dissolved in 4 ml of a toluene solution of triisobutyt aluminum (1 millimol/ml); and obtained solution was added to 
the above solvent mixture. After that, 20 ml of the toluence solution (0.002 millimol/ml) of triphenylcarbeniumtetra(pen- 
taf luorophenyl)borate were added, and the polymerization of octene was initiated. At this time, the catalyst concentra- 
tion was such that against the total system, (dimethyl(t-butylamide) (tetramethyl-ri5- 
cyclopentadienyl)silane)dichloridetitanium was 0.05 millimol/liter and triphenylcarbeniumtetra(pentafluorophe- 
nyl)borate was 0.1 millimol/liter. After 60 min., the polymerization reaction was stopped by adding methylalcohol. Then, 
the polymer solution was taken out and washed by using aqueous solution obtained by adding 5 ml of concentrated 
hydrochloric acid to 1 liter of water at a ratio of 1 :1 , and the catalyst residues were turned into a water phase. The liquid 
was allowed to stand so that the water phase was separated and removed. And then obtained liquid was washed with 
distilled water twice and allowed to stand so that the water phase was separated and removed. Next, the obtained pol- 
ymer liquid was brought into contact under vigorous agitation with 3-fold acetone to precipitate the polymer. The precip- 
itated polymer was washed adequately with acetone, and a solid portion (copolymer) was obtained by filtration. The 
solid portion was dried at 1 30°C and 350 mmHg for 12 hours in the flow of nitrogen. The amount of the polyoctene pol- 
ymer thus obtained was 7.8 g. Its intrinsic viscosity [r\] as determined in decalin 135°C was 1.3 dl/g; glass transition 
temperature Tg measured by DSC was -63°C; the peak of the loss tangent as determined by the measurement of 
dynamic viscoelasticity made at a frequency of 10 Hz was -39°C; the peak width at half height was 48°C; and activity 
was 520 g/millimol Ti • hr. 

[0312] Furthermore, 20 parts by weight of the aforementioned atactic polyoctene were blended with 80 parts by 
weight of crystalline polypropylene (J700). and a composition was obtained by melting and mixing the blend for 5 min. 
at 200°C and a rotary speed of 100 rpm by means of a laboplastmill. The Izod impact strength of the resultant compo- 
sition as measured in accordance with ASTM D785 was 52 J/m. 
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(Synthesis Example 4) 

[0313] 430 ml of heptene. 430 ml of 4-methyl-1-pentene and 140 ml of 1-butene were added at normal temperature 
to a 2-liter autoclave previously dried under reduced pressure and purged with nitrogen. After that, the autoclave was 
pressurized with propylene to 6 kg/crm'G under agitation, and pressure was released. This pressurization/pressure 
release operation was repeated three times. Subsequently, 0.3 ml of the toluene solution of 1 .0 millimol/ml triisobutyla- 
luminum were added at normal pressure, and then the temperature was raised to 50°C. And then the system was pres- 
surized with propylene to 4.5 kg/crrfG. 0.5 ml of the toluene solution (0.001 millimols/ml) of (dimethyl(t- 
butylamide)(tetramethyl-r|5-cydopentadienyl)silane)dichloridetitanium synthesized by the known method, 0.5 ml of the 
toluence solution (0.004 millimol/ml) of trtphenylcarbeniumtetra(pentafluorophenyl)borate and 10 ml of toluene were 
mixed for 10 min., and all of the mixture were added to the system at the same time to initiate the copolymerization of 
propylene and ethylene. At this time, the catalyst concentration was such that against the total system, (dimethyl(t-buty- 
lamide)(tetramethyl-Ti5-cyclopentadienyl) silane)dichloridetitanium was 0.0005 millimol/lrter and triphenylcarbenium 
tetra(pentafluorophenyl)borate was 0.002 millimol/liter. During polymerization, the internal pressure was kept at 4.5 
kg/cm2G by supplying propylene continuously. After 30 min., the polymerization reaction was stopped by adding meth- 
ylalcohol. After the pressure was released, the polymer solution was taken out and washed by using aqueous solution 
obtained by adding 5 ml of concentrated hydrochloric acid to 1 liter of water at a ratio of 1 :1 . and the catalyst residues 
were turned into a water phase. The mixed liquid was allowed to stand so that the water phase was separated and 
removed. The obtained liquid was then washed with distilled water twice and allowed to stand so that the water phase 
was separated and removed. Next, the polymer liquid thus was brought into contact under vigorous agitation with 3-fold 
acetone to precipitate the polymer. The precipitated polymer was washed adequately with acetone, and a solid portion 
(copolymer) was obtained by filtration. The solid portion was dried at 130°C and 350 mmHg for 12 hours in the flow of 
nitrogen. The amount of the propylene/1 -butene/4-methyl-1-pentene copolymer thus obtained was 1 1 g. Its intrinsic vis- 
cosity [r|] as determined in decalin 1 35°C was 1 .2 dl/g; propylene content was 51 mo!%, 1 -butene content was 21 mol%; 
4-methyl-1-pentene content was 28 mol%; and activity was 44 kg/millimol Ti • hr. 

(Synthesis Example 5) 

[0314] The same operations as described in Synthesis Example 3 were performed except that the pressure during 
the polymerization of propylene was changed to 2.5 kg/cm 2 G. The amount of the propylene/1 -butene/4-methyl-1 -pen- 
tene copolymer thus obtained was 5.1 g. Its intrinsic viscosity fa] as determined in decalin 135°C was 1.1 dl/g; propyl- 
ene content was 29 mol%. 1-butene content was 31 mol%; 4-methyi-1-pentene content was 40 mol%; and activity was 
20 kg/millimol Ti • hr. 

(Synthesis Example 6) 

[0315] The same operations as described in Synthesis Example 3 were performed except that the pressure during 
the polymerization of propylene was changed to 1.5 kg/crr^G; the amount of 1-butene was changed to 300 ml; the 
amount of 4-methyM -pentene was 200 ml; the amount of heptene was changed to 500 ml; and the temperature was 
changed to 50°C. The amount of the propylene/1 -butene/4-methyl-1-pentene copolymer thus obtained was 1.4 g. Its 
intrinsic viscosity fa] as determined in decalin 135°C was 1 .0 dl/g; propylene content was 22 mol%, 1-butene content 
was 59 mol%; 4-methyl-1-pentene content was 19 mor%; and activity was 5.6 kg/millimol Ti • hr. 

Examples 4 to 6 (Surface Protection Film) 

[0316] A 3-layer surface protection film (thickness: 50 urn) which consists of a surface substrate layer (thickness: 10 
\im) made of a propylene homopolymer, a middle substrate layer (thickness: 30 ^m) made of a propylene random pol- 
ymer containing 3 mol% ethylene and a tacky layer (thickness: 10 nm) made of a copolymer containing propylene, 1- 
butene and 4-methyM -pentene having the mol percents shown in the table was formed by the coextrusion T-die mold- 
ing method under the following conditions: 

Molding conditions: 

Surface substrate layer and middle substrate layer = 230°C 
Tacky layer = 180°C 
Coextrusion temperature = 230°C 

Determination of initial tackiness: 
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The initial tackiness was determined in accordance with JIS Z0237 1991. The peeling strength as deter- 
mined by the 180° peeling method was used as the index of tackiness. 
Change with time under heated and pressurized conditions: 

A test specimen was prepared by attaching a piece of surface protection film to stainless steel SUS304 in 

5 the same manner as described in the determination of initial tackiness properties. Aluminum foil 15 urn thick was 

paid on top of the surface protection film, and then a silicone rubber sheet 3 mm thick having a spring hardness of 
70 Hs as specified in JIS K6301 was put on it. 2 kg/cm 2 of pressure was applied evenly to the area of the test spec- 
imen to the film had been attached at 60°C by means of a heating press. In this condition, the test specimen was 
kept for 240 hours and then removed from the heating press. The peeling strength was determined by the 180° 

10 peeling method and was used as the index of tackiness. 
Paste residues: 

The surface of the aforementioned test specimen on which peeling test had been conducted as described 
above was inspected visually. Any part of the tacky layer remaining on the surface of the test specimen as a result 
of the peeling-off of an area of the surface protection film not less than 1 mm in diameter was regarded as paste 
15 residues. 



Table 





Unit 


Example 4 


Example 5 


Example 6 


Tacky layer component: 










Propylene 


mor% 


51 


29 


22 


1-butene 


mol% 


21 


31 


59 


4MP1 


mol% 


28 


40 


19 


Crystallinity 


% 


0 


0 


0 


Intrinsic viscosity 


dl/g 


1.2 


1.1 


1.0 


Tacky properties: 










Initial tackiness 


g/25 mm 


80 


30 


110 


Tackiness after lapse of time from heating and pressure 
application 


g/25 mm 


600 


340 


750 


Paste residues after lapse of time from heating and pressure 
application 


Yen/no 


No 


No 


No 



(Polymerization Example 7) 



40 [0317] The same operations as described in Synthesis Example 3 were performed except that the pressure during 
the polymerization of propylene was changed to 1.5 kg/crr^G; the amount of 1-butene was changed to 70 ml; the 
amount of 4-methyl-1 -pentene was 930 ml without heptene; and the temperature was changed to 30°C. The amount of 
the propylene/1 -butene/4-methyl-1 -pentene copolymer thus obtained was 0.4g. Its intrinsic viscosity fo] as determined 
in decalin 135°C was 1.0 dl/g; propylene content was 22 mol%. 1-butene content was 11 mol%; 4-methy1-1 -pentene 

45 content was 67 mol%; and activity was 1 .6 kg/millimol Ti • hr. 

(Polymerization Example 9) 

[0318] The same operations as described in Synthesis Example 3 were performed except that the pressure during 
so the polymerization of propylene was changed to 2.5 kg/crrr^G; the amount of 1-butene was changed to 300 ml; the 
amount of 4-methyl-1 -pentene was 200 m); the amount of heptene was changed to 500 ml; and the temperature was 
changed to 50°C. The amount of the propylene/1 -butene/4-methyl-1 -pentene copolymer thus obtained was 5.9 g. Its 
intrinsic viscosity [r\] as determined in decalin 135°C was 1.1 dl/g; propylene content was 31 mol%, 1-butene content 
was 51 mol%; 4-methyl-1 -pentene content was 18 mol%; and activity was 23.6 kg/millimol Ti • hr. 

55 

Examples 7 to 9 (Vibration Insulation Material) 

[031 9] Films 70 \im thick was obtained by molding the copolymers obtained as described in Polymerization Examples 
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7, 5 and 9 by the T-die film molding method. These films were put between two low carbon-content steel sheets 0.8 mm 
thick that had been subjected to treatment of degreasing with an alkali detergent and press-molded for 10 min. at 
190°C. As a result, a vibration insulation board was obtained. Using the vibration insulation board thus obtained, the 
coefficient of vibration loss r\ was determined by the cautilever resonance point vibration decay method. The results of 
5 the determination are shown in the table below. 



Table 





Unit 


Example 7 


Example 8 


Example 9 


Middle layer component: 










Propylene 


mol% 


22 


29 


31 


1-butene 


mol% 


11 


31 


51 


4MP1 


mof% 


67 


40 


18 


Crystal linity 


% 


0 


0 


0 


Intrinsic viscosity 


dl/g 


1.0 


1.1 


1.1 


Tacky properties: 










Vibration loss 


0°C 


0.01 


0.07 


0.16 


coefficient tj 


20°C 


0.06 


0.3 


0.07 




40°C 


0.3 


0.07 


0.01 



25 

Industrial Utility 

[0320] The present invention relates to a method for manufacturing atactic ethylene/a-olef in copolymers, atactic eth- 
ylene/propylene copolymers obtained therefrom, and compositions thereof and the method for manufacturing such 
30 compositions. More specifically, the present invention provides atactic ethylene/a-olef in copolymers having excellent 
optical properties, mechanical properties and/or film properties, and is suitable for method of manufacturing effectively 
the copolymers. Furthermore the present invention provides compositions of the copolymers and is suitable for manu- 
facturing method of such compositions by a polymerization process. 

35 Claims 

1. Copolymers comprising ethylene and propylene whose structural molar ratio (ethylene/propylene) is 1/99 to 
20/80 and out of the spectra in the zone (19 to 23 ppm) obtained by C13NMR measurement of which the areas of 
the signals appearing in the first zone (21.1 to 21.9 ppm), second zone (20.3 to 21.0 ppm) and third zone (19.5 to 

40 20.3 ppm) are represented by the total peak area in the first zone = P 1 , the total peak area in the second zone = P 2 
and the total peak area in the third zone ■ P 3 , respectively, and X and Y are defined by the formulas. 
P 1 /(P 1 +P 2 +P )=X and P 3 /(P 1 +P 2 +P 3 )=Y . respectively, wherein X is 0<X<30 and Y is 0<Y<53. 

2. A process for manufacturing the ethylene/a-olef in copolymers which comprises copolymering ethylene and a- 
45 olefin in the presence of a catalyst system comprising (a) shown below as the essential component and at least 

one compound selected from among (b) to (d). 

(a) the transition metal complex expressed by the following formula(l): 

50 
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Z Y 




(I) 



(wherein M stands for Ti • Zr • Hf, Cp stands for the cyclopentadienyl group, indenyl group, f luorenyl group or 
their derived groups n-bonded with M. X 1 and X 2 stands for an anionic ligand or a neutral Lewis base ligand, Y 
stands for a ligand containing nitrogen atom, oxygen atom, phosphor atom or sulfur atom, and Z stands for 
nitrogen atom, oxygen atom, silicon atom or one carbon atom.), or 
The meso form of the transition metal compound represented by the following formula(ll): 



(wherein M 1 stands for a transition metal atom in the Group IV to VIB of the periodic table; R 1 . R 2 , R 3 and R 4 , 
which may be the same or different from one another, stand for a hydrocarbon group having 1 to 20 carbon 
atoms, a halogenated hydrocarbon group having 1 to 20 carbon atoms, a silicon-containing group, an oxygen- 
containing group, a sulfur-containing group, a nitrogen-containing group, phosphor-containing group, hydrogen 
atom or halogen atom, and parts of the mutually adjacent groups may be bonded to form a ring together with 
the carbon atoms bonded by these groups; X 1 and X 2 , which may be the same or different from one another, 
stand for a hydrocarbon group, a halogenated hydrocarbon group, an oxygen-containing group, a sulfur-con- 
taining group, a silicon-containing group, hydrogen atom or halogen atom; and Y 1 stands for a bivalent hydro- 
carbon group, a bivalent halogenated hydrocarbon group, a bivalent silicon-containing group, a bivalent 
germanium-containing group, a bivalent tin-containing group, -O-, -CO-, -S-, -SO-, -S0 2 -. -Ge-, -Sn-, -NR 5 -, - 
P(R^-, - P(0)(R^)-, -BR 5 - or -AIR 5 - [however, R 5 may be the same or different from one another and stands 
for hydrogen atom, halogen atom, a hydrocarbon group, a halogenated hydrocarbon group or an alkoxy group]. 

(b) a compound which reacts with the transition metal M in the component (a) to form an ionic complex. 

(c) an organoaluminum compound. 

(d) alumoxan. 

3. A process as defined in Claim 2 which comprises manufacturing copolymers whose crystallinity is not more than 
5 % and whose structural molar ratio (ethylene/a-o!ef in) is 40/60 to 1/99 by polymerizing ethylene and one or more 
a-olefin monomers having 3 to 10 carbon atoms. 

4. A process for manufacturing copolymers as defined in Claim 3 wherein the a-olefin is selected from propylene, 
butene and 4-methyl-1 -pentene and the structural molar ratio (ethyl ene/a-olef in) of the copolymers is 1 /99 to 20/80. 

5. A process for manufacturing copolymers as defined in Claim 3 wherein the a-olefin is a combination of an a-ole- 
fin monomer (A) having 3 to 10 carbon atoms and another a-olefin monomer(B), other than (A), having 3 to 10 car- 
bon atoms and the structural molar ratio [(ethylene+A)/B] of the copolymers is 40/60 to 1/99. 

6. A process for manufacturing copolymers as defined in Claim 4 wherein the a-olefin (A) is propylene, a-olefin 
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monomer(B) is 4-methyM -pentene, and the structural molar ratio [(ethyl ene+propylene)/4-methyl-1 -pentene] of the 
copolymers is 1/99 to 20/80. 

7. A process for manufacturing copolymers as defined in Claim 4 wherein the a-olefin (A) is propylene, a-olefin 
monomer(B) is 1-butene, the structural molar ratio [(ethyl ene+propylene)/1-butene] of the copolymers is 1/99 to 
20/80. 

8. Propylene polymer compositions comprising 5 to 80 wt% of the ethylene/propylene copolymer as defined in 
Claim 1 , 10 to 80 wt% of a crystalline propylene polymer, and as required 10 to 80 wt% of elastomer (The total of 
the ethylene/propylene copolymer, the crystalline propylene polymer and the elastomer is 100 wt%). 

10. A process for manufacturing the propylene polymer compositions as defined in Claim 8 wherein such propylene 
polymer compositions are manufactured by polymerizing ethylene and propylene or ethylene, propylene and 
another a-olefin by a one-stage or mutti-stageprpcess using at least two types of catalysts. 

11. A process for manufacturing the propylene polymer compositions as defined in Claim 11 wherein the at least 
two catalysts is at least one catalyst selected from the a-olefin polymerization catalyst (1) mentioned below and the 
a-olefin polymerization catalyst (2) mentioned below and at least one catalyst selected from the a-olefin polymeri- 
zation catalyst (3) mentioned below and the a-olefin polymerization catalyst (4) mentioned below. 

Olefin polymerization catalyst (1): 
A catalyst comprising: 

(A)A racemic form of a transition metal compound (A-1) represented by the following formula (II): 




(wherein M 1 stands for a transition metal atom in the Group IV to VIB of the periodic table; R 1 , R 2 , R 3 and R 4 , 
which may be the same or different from one another, stand for a hydrocarbon group having 1 to 20 carbon 
atoms, a halogenated hydrocarbon group having 1 to 20 carbon atoms, a silicon-containing group, an oxygen- 
containing group, a sulfur-containing group, a nitrogen-containing group, phosphor-containing group, hydrogen 
atom or halogen atom, and parts of the mutually adjacent groups may be bonded to form a ring together with 
the carbon atoms bonded by these groups; X 1 and X 2 , which may be the same or different from one another, 
stand for a hydrocarbon group, a halogenated hydrocarbon group, an oxygen-containing group, a sulfur-con- 
taining group, a silicon-containing group, hydrogen atom or halogen atom; and Y 1 stands for a bivalent hydro- 
carbon group, a bivalent halogenated hydrocarbon group, a bivalent silicon-containing group, a bivalent 
germanium-containing group, a bivalent tin-containing group, -O-, -CO-, -S-, -SO-, -S0 2 -, -Ge-, -Sn-, -NR 5 -, - 
P(R 5 )-, - PfOXR 5 )-, -BR 5 - or -A1 R 5 - [however, R5 may be the same or different from one another and stands 
for hydrogen atom, halogen atom, a hydrocarbon group, a halogenated hydrocarbon group or an alkoxy group]; 
(B) 

(B-1) an organic aluminumoxy compound and/or 

(B-2) a compound (B 1 -2) which reacts with the aforementioned transition metal compound (A-1) to form an 
ion pair; 

and as required, 

(C)an organoaluminum compound. 
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Olefin polymerization catalyst (2): 
A catalyst comprising: 

(A) solid-state titanium catalyst component (T) containing magnesium, titanium, halogen and an electron donor 
as the essential components; 

(B) organometaJlic catalyst component (Q); 
and 

(C) silicon compound (S) represented by the following formula (i) or a compound (E) having not less than 2 
ether linkages existing via two or more atoms: 

Rp n -Si-(ORq) 4 . n (i) 

(wherein n is 1 , 2 or 3; when n is 1 . Rp stands for a secondary or tertiary hydrocarbon group; when n is 2 or 3, 
at least 1 of Rp's stands for a secondary or tertiary hydrocarbon group, with the rest of Rp's being hydrocarbon 
groups, and two or more Rp's may be the same or different; Rq is a hydrocarbon group having 1 to 4 carbon 
atoms, and when 4-n is 2 or 3, Rq may be the same or different.) 

Olefin polymerization catalyst (3): 
A catalyst comprising 

(A) a meso form of a transition metal compound (A-2) represented by the aforementioned formula (I); 
(B) 

(B-1) an organic aluminumoxy compound or 

(B-2) a compound (B 2 -2) which reacts with the aforementioned transition metal compound (A-2) to form an 
ion pair; 

and as required, 

(C) an organoaluminum compound. 

Olefin polymerization catalyst (4): 
A catalyst comprising: 

(A) a racemic form of a transition metal compound (A-3) represented by the following formula (III): 




(wherein M 2 stands for a transition metal atom in the Group VIB of the periodic table; Cp stands for a cyclic 
unsaturated hydrocarbon group or a chain unsaturated hydrocarbon group; X 3 stands for hydrogen atom, hal- 
ogen atom, a hydrocarbon group having 1 to 20 carbon atoms or an alkoxy group having 1 to 20 carbon atoms; 
Z 1 stands for SiR 7 2 , CR 7 2 , SiR 7 2 SiR 7 2 . CR 7 2 CR 7 2 , CR 7 2 CR 7 2 CR 7 2 , CR 7 =CR 7 . CR 7 2 SiR 7 2 or GeRR 7 2 ; Y 2 
stands for -N(R 8 )-, -O-, -S- or -P(R 8 )-; R 7 stands for hydrogen atom or an alkyl, aryl, silyl, halogenated alkyl 
and halogenated aryl groups having up to 20 non-hydrogen atoms and a group selected from among combi- 
nations thereof; R 8 stands for an alkyl group having 1 to 10 carbon atoms or an aryl group having 6 to 10 car- 
bon atoms or may form a condensed ring system of one or more R 7 's and up 30 non-hydrogen atoms; and w 
stands for 1 or 2); 
(B) 
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(B-1) an organic aluminumoxy compound or 

(B-1) a compound (B 3 -2) which reacts with the aforementioned transition metal compound (A-3) to form an 
ion pair; 

and as required, 

(C) an organoaluminum compound. 

12. A vibration insulation material which comprises either one of the homopolymers of 1-hexene or 1-octene and 
whose degree of crystallinity is not more than 5%. 
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